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ABSTRACT 
 
This study was conducted to investigate the effects of diets 
supplemented with chromium chloride, CrCl3.6H2O (20 mg/kg basal 
diet), ascorbic acid, AA (1000 mg/kg basal diet) or their combination on 
the physiological performance and immune response of broiler chicks 
raised under summer conditions (31.5-34.5ºC).  
Dietary supplementation of AA or the combination of AA and 
CrCl3 resulted in a significant (P < 0.05) decrease in rectal temperature. 
The respiratory rate showed significant (P < 0.01) reduction during the 
1st, 2nd, 3rd and 5th week (wk) in chicks fed on supplemented diets 
compared to the control. 
All supplemented diets increased BW significantly (P < 0.01) 
during the last three weeks. Body weight gain was significantly                    
(P < 0.05) higher during the 3rd and 4th wk in all treated chicks.  
All supplemented diets used in this study resulted in a significantly 
(P < 0.05) higher feed intake during the 3rd week. The efficiency of feed 
conversion ratio was significantly (P < 0.05) improved during during the 
4th and 6th wk (P < 0.05) in all supplemented chicks. 
The supplemented diets didn’t show any significant effect on liver 
relative weight, however, the heart relative weight was significantly (P < 
0.001) decreased. Carcass weight and dressing percentage were 
significantly (P < 0.05) increased due to the treatments. 
All treated chicks had higher Hb concentration values during the 
last three weeks. The supplementation induced significant (P < 0.001) 
reduction in heterophil/lymphocyte ratio during the 4th and 7th week. 
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Inclusion of CrCl3, AA or their combination significantly              
(P < 0.01) decreased serum cholesterol level during the 3rd and 5th week. 
Plasma glucose levels were lower in all treated chicks compared to the 
control during the experimental period. 
Supplementation with CrCl3 or the combination of CrCl3 and AA 
resulted in a significant (P < 0.01) increase in serum total protein level 
during the last 2 weeks compared to the control. Serum albumin levels 
were significantly (P < 0.05) increased in all treated chicks during the 
last three weeks.  
The supplementation resulted in a significant (P < 0.001) increase 
in serum insulin level during the 4th and 7th week. Serum cortisol level in 
chicks fed on supplemental diets was significantly (P < 0.001) lower 
during the 4th and 7th weeks compared to the control. 
The supplementation with CrCl3, AA or their combination resulted 
in a significant (P < 0.05) reduction of serum osmolality during the last 4 
weeks. 
The supplementation significantly (P < 0.05) improved Newcastle 
disease virus (NDV) antibody titer during the 3rd and 5th week.  
The present results indicate that dietary supplementation with 
CrCl3, AA or their combination could be used to alleviate the negative 
effects of heat stress and to improve the performance and immune 
response of broiler chicks.  
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GENERAL INTRODUCTION 
 
 Traditional poultry husbandry and production system in Sudan 
was prevailing until the early 1950s. The small size native fowl and their 
low unit cost were able to satisfy the traditional house-hold immediate 
needs for eggs and meat. The expansion of urban communities and the 
continuous socio-economic changes imposed the establishment of 
modern poultry sector mainly based on exotic breeds (Mekki, 1998). 
 Poultry production in Sudan started before 1972 as small scale 
activities around the capital and large cities. Nevertheless, it succeeded 
to attract many government and private sector investors to be involved in 
various aspects and components of the poultry industry (Yousif, 1994). 
 In late seventies poultry industry in Sudan showed a remarkable 
development due to the establishment of large scale projects: (Arab 
Company for Livestock Development, Arab Company for Agriculture 
and Development and Sudanese Kuwaiti Poultry Company). 
 The economic return from poultry enterprises is determined to 
large extent by cost, bird quality and marginal efficiency. 
 Poultry production in tropical countries faces constant challenges. 
Heavy economic losses have been reported due to increased mortality 
and decreased productivity in response to the stress caused by the hot 
climate. Heat stress interferes with broiler comfort and suppresses 
productive efficiency (Berge, 1993). It has been postulated that heat 
stress reduces body weight (Lecui et al., 1998) and immune response 
(Savic et al., 1993). Noteworthy, the improvement in poultry production 
has been established through new concepts of feeding. The immune 
 xv
system benefits greatly from proper nutrition of birds (Butcher and 
Miles, 2002). 
 Successful flock management under hot weather conditions could 
be achieved by selecting breeds with better heat tolerance (Manner and 
Wang, 1991). 
 Researchers are challenged to find means of increasing feed 
efficiency and lowering feed cost in order to lower the overall poultry 
cost. To give the producers practical solution to the high production cost, 
many studies carried out in many parts of the world, have been focused 
on feed additives as a mean to promoting growth and increasing feed 
efficiency in poultry (Yeong, 1994). 
 Several methods are available to alleviate the negative effect of 
high environmental temperature on poultry performance. As it is 
expensive to cool animal buildings, such methods are focused mainly on 
manipulating the diet. The negative effects of environmental stress could 
be prevented by some minerals and vitamin supplements such as vitamin 
C (Ascorbic acid- AA) and chromium (Cr) (McDowell, 1989; Ismail, 
1991; Mowat, 1994; Lindeman, 1996; NRC, 1997; Sands and Smith, 
1999; Sahin and Küçük, 2001; Sahin et al., 2001a and 2002c). 
Chromium is used in the poultry diet because of the reported benefits of 
Cr supplementation to laying hens during cold and heat stress (Anderson, 
1987; Sahin et al., 2001a and 2002c).  
 The objective of this study is to determine the effects of dietary 
supplementation of chromium as chromium chloride (CrCl3.6H2O), 
ascorbic acid (AA) or their combination in broiler chicks raised under 
summer conditions (32-35 ºC).on the following: 
 xvi
1. Productive performance. 
2. Physiological responses. 
3. Immune responses; all  
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CHAPTER ONE 
LITRETUER REVIEW 
 
1.1 Heat stress in poultry 
 Heat stress is a major constrain in broiler industry due to the 
decrease in growth, feed intake, live weight gain, egg production, egg 
quality and feed efficiency in addition to high mortality (Donkoh, 1989; 
Siegel, 1995; Cooper and Washburn, 1998), thus negatively influencing 
the productive performance of poultry. Hurwitz et al. (1980) suggested 
that the decrease in growth rate was partially due to the decrease in feed 
intake.  
 Environmental stress depresses the immune function of birds by 
impeding production of antibodies and effective cell-mediated immunity 
(Zulkifli, 1994). The phagocytic potential of chicken macrophages is 
decreased during heat exposure (Miller and Qureshi, 1992). 
Puvadolpirod and Thaxton (2000a) demonstrated a model that showed 
all the major adaptive stress responses of chickens following continuous 
delivery of adrenocorticotropin (ACTH) at 8 IU/kg BW/d for 7 days. 
This resulted in an increase in plasma corticosterone, glucose, 
cholesterol, triglycerides, high-density lipoprotein, total protein, and the 
heterophil/lymphocyte (H/L) ratio. Body weights, as well as relative 
weights of the major immunobiological organs (i.e., spleen, thymus, and 
bursa of Fabricius) are decreased (Puvadolpirod and Thaxton, 2000a). 
The liver weight is increased due to lipid and moisture accumulation. 
Further study by Puvadolpirod and Thaxton (2000b) proved that 
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continuous ACTH delivery by mini-osmotic pumps is a reliable method 
to induce stress in broilers. The continuous infusion of ACTH causes 
dose-related stress responses in broilers. 
  An ambient temperature (Ta) above 30°C is considered as heat-
stressed conditions for birds (Ensminger et al., 1990). Plasma 
corticosterone concentration also increases during heat stress (Edens and 
Siegel, 1975). Furthermore, Donkoh (1989) reported reduced plasma 
protein and markedly increased blood glucose concentrations during heat 
stress. Such ambient temperatures decrease serum vitamin and mineral 
concentrations in poultry as well as humans (Siegel, 1995; Anderson, 
1987; Ensminger et al., 1990; Anderson, 1994). This reduction has been 
shown to be due to increase mineral excretion (Siegel, 1995; El Husseiny 
and Creger, 1981; Smith and Teeter, 1987).  
 Environmental stress causes deficiencies in vitamin C (ascorbic 
acid) and chromium in poultry (McDowell, 1989; NRC, 1997; Sahin and 
Sahin, 2001). Dietary ascorbic acid and chromium requirements in 
poultry are significantly affected by thermal stress and the negative 
effects of stress are prevented by ascorbic acid and chromium 
supplementation (McDowell, 1989; Mowat, 1994; NRC, 1997; Sahin 
and Kucuk, 2001; Sahin et al., 2001a; Sahin et al., 2002c). Dietary 
chromium supplementation positively affects growth rate and feed 
efficiency of growing poultry (Cupo and Donaldson, 1987; NRC, 1997; 
Lien et al., 1999; Sahin et al., 2001a). These beneficial effects of Cr can 
be observed more clearly under environmental, dietary, and hormonal 
stress (Anderson, 1994; Wright et al., 1994). Dietary chromium 
Supplementation is also recommended by the National Research Center, 
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NRC (1997) for animals undergoing environmental stress. Also Cr 
indirectly potentiates ascorbic acid transportation (Mann and Newton, 
1975; Seaborn et al., 1994). 
1.2 Thermoregulation: 
 Birds, like other homeotherms, maintain their deep body 
temperatures of vital organs relatively constant as they lose or conserve 
heat in response to changes in the environment. Heat produced by the 
body has to be exactly balanced by the heat loss from the body 
(Freeman, 1988; Siegel and Drury, 1968).  Heat balance in 
homeothermic animals is affected by a variety of endogenous and 
exogenous factors (Van Kampen, 1984). Brown and Nestor (1974) 
indicated that, for the animal welfare, certain amount of stress is 
necessary in ameliorating weariness and heightening endocrine 
functions. The ultimate aim of successful poultry husbandry is not to 
eliminate stress but to maintain it at an optimum level, to find maximum 
eustress (good stress) and to minimize distress. There should be a 
balance between the equally destructive forces of hypo- and hyper-stress 
to enhance production (Selye, 1980). 
 At high ambient temperature, birds alter their behaviour to 
maintain body temperature within the normal rate. They spread their 
wings away from their body to promote cooling by reducing body 
insulation, increase evaporative cooling (Dawson and Whittow, 2000) 
and reduce food intake and increase water consumption (May and Lott, 
1992). 
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 Bird's respiratory frequency increases to reduce heat by 
evaporative cooling (Abu-Dieyeh, 2006). This change in respiratory 
frequency is known as panting (gullar flutter). The increase in respiratory 
minute volume and respiratory evaporative cooling (panting) under heat 
stress lead to diminution in the partial pressure of carbon dioxide in 
blood, and consequently respiratory alkalosis will develop (Dawson and 
Whittow, 2000). 
1.3 Cardiovascular response and blood composition during 
hyperthermia 
 During hyperthermia, there is an increase in cardiac output 
followed by a decrease. The peak cardiac output occurs at a significant 
higher rectal temperature. The increase in cardiac output is due to the 
increase in both stroke volume and heart rate (Whittow et al., 1964). The 
diminution of cardiac output seems to be related to a decrease in the 
stroke volume at high levels of heart rate (Whittow et al., 1964). The 
reduction in blood pressure and total peripheral resistance is attributed 
partly to an increased blood flow through the extremities (Whittow et al., 
1964). 
 Several systems that participate in thermoregulation operate 
through modulation of heat production and/or heat loss. The 
cardiovascular system may affect both processes by modulation of heat 
dissipation on one hand, and oxygen transport on the other hand. Plasma 
volume expansion is observed during the need for acute heat dissipation, 
such as a period of heat exposure in rats (Meiri et al., 1991), physical 
exercise in humans (Senay et al., 1976; Gillen et al., 1991), and heat 
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exposure in chickens (Whittow et al., 1964). Moreover, thermoregulation 
is compromised during osmotic stress, which may result in volume 
constriction or prevent volume expansion (Arad et al., 1989). Changes in 
the cardiovascular system to accommodate oxygen needs are observed in 
aquatic birds adapted to diving (Balasch et al., 1974), flying at high 
altitude (Carpenter, 1975; Carey and Morton, 1976) and in birds adapted 
to low ambient temperatures (Olson, 1937; Deaton et al., 1969a,b; May 
et al., 1971; May and Deaton, 1974; Julian et al., 1989; Shlosberg et al., 
1992, 1996). These, changes include the increase in blood volume and 
haematocrit/hemoglobin concentration and are often accompanied by 
compensatory changes in heart weight (Deaton et al., 1969a,b; May et 
al., 1971; May and Deaton, 1974; Carey and Morton, 1976; Palomeque 
and Planas, 1978). 
Haematocrit values also vary with the ambient temperature at 
which birds are reared. The exposure of chickens to high temperatures 
causes a decrease in blood haematocrit values (Deaton et al., 1969b; 
Kubena et al., 1972; Vo et al., 1978; Deyhim and Teeter, 1991; Yahav 
and Hurwitz, 1996), changes in the plasma level of adrenocorticotropic 
hormone (ACTH) that is usually associated with a decrease in the  
number of circulating lymphocytes and an increase heterophils (Gross 
and Sigeel, 1983), Therefore, an increase in the heterophil/lymphocyte 
ratio (H/L) (McFarlane and Curtis, 1989; Maxwell, 1993; Borges et al., 
1999; Altan et al., 2000). Furthermore, Puvadopirod and Thaxton 
(2000b) reported an increase in total white blood cells of broilers under 
stress. On the other hand, heat stress has been reported to increase the 
plasma glucose concentration (Freeman, 1978; Harvey and carsia, 2000). 
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1.4 Chromium 
Chromium as an essential mineral for both human and animals, has 
been firstly demonstrated by Schwarz and Mertz (1959) and Jeejebhoy et 
al. (1977). The significance of Cr in human nutrition under clinical and 
stress situations has been reported (Anderson et al., 1982, 1988). Some 
are focused on the association between Cr and type 2 diabetes mellitus 
(Rabinowitz et al., 1983). A number of animal trials were performed as 
well (Abraham et al., 1982a,b; Schrauzer et al., 1986). It was as late as in 
the 1990s that Cr has been studied intensively as an essential mineral in 
livestock species (cattle, sheep, horses, pigs and poultry). 
1.4.1 Chemical properties  
Divalent chromium  
Divalent chromium (Cr2+) is a strong reductant, the form is readily 
oxidised when in contact with air producing Cr3+. The divalent Cr is not 
available in biological systems (Pechova and Pavlata, 2007). 
Hexavalent chromium 
Hexavalent chromium (Cr6+) is the second most stable form and a 
strong oxidising agent, especially in acidic media. Hexavalent chromium 
is bound to oxygen as chromate (CrO4 2–) or dichromate (Cr2O7 2–) with a 
strong oxidative capacity. This form of Cr crosses biological membranes 
easily, reacting with protein components and nucleic acids inside the cell 
while being deoxygenated to Cr3+. The reaction with genetic matter 
provides for the carcinogenic properties of Cr6+ (Pechova and Pavlata, 
2007). 
Trivalent chromium 
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Trivalent chromium (Cr3+) is the most stable oxidation state in 
which Cr is present in living organisms. It does not have the capacity to 
cross cell membrane easily (Mertz, 1992) and has a low reactivity, which 
is the most significant biological feature distinguishing it from Cr6+. 
Trivalent Cr forms a number of coordination complexes, hexadentate 
ligands being the basic form. Some forms of Cr3+ (e.g. Cr2O3) are useful 
as markers in the study of digestive processes because of their low 
reactivity and absorption from the gastrointestinal system (Furnival et 
al., 1990a,b). 
1.4.2 Absorption  
Chromium may be found in diets in the form of inorganic 
compounds or organic complexes. Elemental Cr couldn't be absorbed 
and has no nutritional value (Ducros, 1992). Hexavalent Cr reaches 
humans and animals primarily by inhalation or due to industrial 
contamination. Cr6+ compounds dissolve better than Cr3+ compounds, 
and are absorbed better than Cr3+ compounds when supplemented 
directly to the intestine. This is documented by isotope experiments, 
which have revealed that the content of 51Cr in blood is three to five 
times higher when the isotope is supplemented as Cr6+ compared to Cr3+ 
(Mackenzie et al., 1959). However, if Cr is supplemented orally, most 
Cr6+ seems to be reduced to Cr3+ before reaching the site of absorption in 
the small intestine (Doisy et al., 1976). 
The path of Cr3+ is mainly through the digestive system. The most 
active absorption site in rats is the jejunum; absorption is less efficient in 
the ileum and the duodenum (Chen et al., 1973). Intestinal absorption 
mechanism of Cr is not yet fully characterized.  However, some papers 
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reported evidence of passive diffusion (Stoecker, 1999b). 
 Absorption of inorganic Cr3+ is indirectly proportional to dietary 
content. In people supplemented daily with 10 µg of Cr, only 2% of Cr 
was absorbed (Anderson and Kozlowski, 1985). The percentage of Cr 
absorbed from diet decreases until it reaches 40 µg/day after which the 
absorption stabilises at 0.5% (Anderson and Kozlowski, 1985; Bunker et 
al., 1984). The daily absorption of Cr is relatively stable at the daily 
intake of 40-240 µg/day. Cr absorption is generally low, ranging between 
0.4 and 2.0% (Gammelgaard et al., 1999). Lyons (1994) claimed that the 
bioavailability of inorganic Cr is less than 3% while organic Cr is over 
ten times more available. 
The causes of the low bioavailability of inorganic Cr are numerous 
and they are likely to be due to the formation of non-soluble Cr oxides, 
binding of Cr to natural chelate-forming compounds in fodders, 
interference of Cr with ion forms of other minerals (Zinc and iron) 
(Borel and Anderson, 1984), the slow conversion of inorganic Cr to the 
bioactive form (Ranhotra and Gelroth, 1986) or the suboptimal amount 
of niacin (Urberg and Gemel, 1987). Chromium absorption from food is 
enhanced by the presence of ascorbic acid (Seaborn and Stoecker, 1992; 
Offenbacher, 1994), the high levels of carbohydrate (Seaborn and 
Stoecker, 1989) and aspirin (Kamath et al., 1997) in the diet. On the 
other hand, phytates and antacids (natrium hydrogen carbonate, 
magnesium hydroxide) reduce Cr concentrations in blood and tissues 
(Hunt and Stoecker, 1996). Oxalate also inhibits Cr absorption (Chen et 
al., 1973). 
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It has been confirmed that Cr from organic complexes such as 
chromium picolinate, chromium nicotinic and high chromium yeast are 
absorbed more efficiently (25-30%) compared to inorganic compounds 
such as chromium chloride (CrCl3), which are poorly absorbed (1-3%) 
regardless of dose or dietary chromium status (Underwood and Suttle, 
1999; Moat, 1994; Olin et al., 1994).     
1.4.3 Transport 
After absorption, Cr bind to the β-globulin fraction of plasma 
proteins and is transported to tissues bound to transferrin or other 
complexes at the physiological concentration (Pechova and Pavlata, 
2007). Transferrin receptors are insulin-sensitive; the increase of this 
hormone in the blood stimulates the transport of transferrin receptors 
from the vesicles inside cells to the plasma membrane (Kandror, 1999). 
Receptors on the cell surface bind chromium-saturated transferrin, which 
is partially subjected to endocytosis accompanied by Cr release at the 
acidic pH of the newly formed vesicles. Chromium release from the 
multiple transferrin molecules is sequestered by apochromodulin to 
produce chromium-loaded chromodulin (Vincent, 2000). Chromium 
from blood is relatively quickly absorbed by bones, accumulating also in 
the spleen, liver and kidneys (Stoecker, 1999a).  
 
 
1.4.4 Excretion 
Ducros (1992) reported a primarily excretion of Cr in urine by 
glomerular filtration, or bound to a low-molecular organic transporter. 
Nevertheless, a small amount is less eliminated in hair, perspiration and 
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bile. It is claimed that the average amount of Cr excreted in human urine 
is 0.22 µg/day (Borel and Anderson, 1984); the average daily intake 
being 62–85 µg/day, which is consistent with the relatively low 
absorption rate (approx. 0.5%). It has been demonstrated that the 
minimum excretion of Cr is via milk, where the supplemented isotope 
53Cr was detected in blood, but not in milk (Mohamed shah et al., 1998). 
Moreover, Van Bruwaene et al. (1984) monitored Cr metabolism in 
lactating cows; within 102 days after the intravenous application of 51Cr, 
63% of the chromium was excreted in urine, about 18% in excrement 
and only 3.6% in milk.  
Cr excretion, especially by the urinary system, may increase 10 to 
300 times in stressful situations or due to a diet rich in carbohydrates. 
 The excretion of Cr in urine depends on the form of Cr 
supplementation. Juturu et al. (2003) studied excretion of different Cr 
forms in urine using rats after one-off dose of 1000 mg/kg. 
Administration of Cr-oxide leads to urine Cr concentrations of less than 
0.2 mg/l, while administration of chromium chloride and chromium 
acetate lead to urine concentrations of 174 mg/l and 93 mg/l, 
respectively.  
 The amount of Cr excreted in urine is used for monitoring Cr 
stress (Minoia and Cavalleri, 1988), but the very short elimination half 
time of Cr in urine, shorter than 2 days, represents a certain limitation 
(Paustenbach et al., 1997). The 24-hour excretion of Cr in urine has been 
concerned as a good indicator of the daily Cr intake (Kumpulainen et al., 
1983).  
1.4.5 Chromium concentration in blood 
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 The level of chromium concentration in blood ranges between 1 
and 40 µg/l (Veillon and Patterson, 1999). The installation of 
electrothermic atomic absorption spectrophotometry in 1978 represents a 
turning point in the accuracy of estimating Cr content in biological 
samples (Pechova and Pavlata, 2007). Christensen et al. (1993) reported 
Cr concentrations of 0.035–0.04 µg/l and 0.12-0.34 µg/l for the blood 
serum and whole blood of a healthy population, respectively. There is a 
greater difference between whole blood and blood serum concentrations 
according to Schermaier et al. (1985), who reported 0.058-0.388 µg/l of 
Cr in the blood serum of a healthy population and 0.120-0.673 µg/l of Cr 
in whole blood. Anderson et al. (1985) have reported a basal Cr serum 
concentration of 0.13 ± 0.02 µg/l in adults, followed by a significant 
increase to 0.38 ± 0.02 µg/l after 3 months of Cr supplementation. 
Despite this effect, they do not consider Cr serum concentration as a 
good indicator of the Cr nutritional status. 
 Sahin et al. (1996) reported a correlation between blood Cr 
concentration in cattle and Cr content in pasture plants, in a region 
characterized by an increased Cr stress. Cr blood levels detected in this 
trial ranged from 9 to 92 µg/l, depending on the Cr content in the plants. 
Pechova et al. (2002a) reported Cr blood concentrations of 3-5 µg/l in 
dairy cows during the peripartal period, where supplementation with 10 
mg Cr per animal/day has no effect on blood Cr concentration. 
 Cr concentration in whole blood is approximately 2-3 times higher 
than it is concentration in plasma (Wood et al., 1990). Cr concentration 
in plasma reflect the exposure to both Cr3+ and Cr6+, while intracellular 
concentration reflects only the exposure to Cr6+. This is due to the 
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capacity of Cr6+ to penetrate into erythrocytes (Minoia and Cavalleri, 
1988). The low concentration of Cr in erythrocytes is due to the fact that 
Cr6+ concentration can not significantly surpass the reduction capability 
of blood plasma (Barceloux, 1999). 
1.4.6 Chromium concentration in tissues 
 It has been reported that Cr total amount in the human body ranges 
between 0.4 to 6 mg (Dubois and Belleville, 1991).  
 Trivalent Cr tends to accumulate in epidermal tissues (hair etc.), 
bones, liver, kidney, spleen, lungs and the large intestine. Meanwhile, 
accumulation in other tissues, especially muscles, seems to be strictly 
limited or non-existent (Wallach, 1985). This has been confirmed by 
Anderson et al. (1997), who supplemented pigs weighing between 30 
and 60 kg with 0.3 mg/kg Cr. Cr supplementation increases Cr levels in 
the kidneys (1.1 vs. 2.3 µg/kg) and in the liver (5.9 vs. 8.8 µg/kg), but Cr 
content in muscle tissue does not exceed 1.5 µg/kg irrespective of the 
supplementation. Lindemann et al. (2004) measured the content of Cr in 
sows after supplementing different amounts of Cr picolinate (0, 200, 600 
and 1000 µg/kg Cr as-feed basis). The respective concentrations of Cr in 
the adrenal gland are (18.4, 20.0, 34.0 and 48.4 µg/kg), in the kidneys are 
(35.8, 56.4, 132.6 and 176.0 µg/kg) and in the liver are (22.8, 37.4, 87.6 
and 92.2 µg/kg). Jamal et al. (1991) monitored the Cr concentration in 
different organs of maturing chickens after a 3-week supplementation of 
K2CrO4 (100, 1000 and 5000 µg/kg of dry matter). Cr tends to 
accumulate in the liver, kidneys, pancreas and spleen rather than in 
blood, muscles, heart and lungs.  
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 Ellen et al. (1989) monitored renal Cr concentration in cattle from 
different regions of the Netherlands. In most samples, the concentration 
does not reach 10 µg/kg, irrespective of the detection method applied. 
 The average Cr concentrations in experimentally induced Cr 
deficiency compared to controls have been reported to be 10 vs. 11 µg/kg 
in the kidney, 5.5 vs. 6.4 µg/kg in the liver and 90 vs.145 µg/kg in the 
ribs (Frank et al., 2000).  
1.4.7 Chromium function 
 Chromium activity in animal organisms correlate with a substance 
called the glucose tolerance factor (GTF) (Schwarz and Mertz, 1957; 
1959). Nevertheless, further research on the GTF revealed that GTF 
activity does not correlate with Cr content (Simonoff et al., 1992). 
According to recent studies, GTF activity does not depend on a unique 
Cr compound, and the complexation of Cr by yeast is more likely simple 
ligand substitution by components in the growth medium. Attention has 
thus recently turned to chromodulin, where it has been proposed that 
GTF is merely a decomposition product of this true biologically active 
form of chromium. Wada et al. (1983) have isolated chromium-binding 
oligopeptide called low-molecular-weight chromium binding substance – 
LMWCr or chromodulin. This oligopeptide has also been isolated and 
purified from rabbit liver (Yamamoto et al., 1987), pig kidney (Sumrall 
and Vincent, 1997), cattle kidney and colostrum (Davis and Vincent, 
1997b and Yamamoto et al., 1983), dog liver (Wada et al., 1983) and 
from mouse and rat kidneys (Yamamoto et al., 1983).  
 Vincent (2000) described the mechanism of action of 
chromodulin. The increase in glucose concentration leads to the fast 
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release of insulin into blood. Insulin binds to an external subunit of the 
transmembrane protein insulin receptor, changing its conformation. The 
receptor autophosphorylates tyrosine residues on the internal portion of 
its β subunit, turning the receptor into an active kinase. Chromodulin is 
stored in its apo-form (apochromodulin) in the cytosol and the nucleus of 
insulin sensitive cells (Yamamoto et al., 1989). The increase in plasma 
insulin concentration has been found to result in a movement of 
chromium from the blood into insulin-dependent cells (Morris et al., 
1993). Due to the high Cr ion binding constant of apochromodulin (Sun 
et al., 2000), four Cr3+ ions are bound upon the entry of Cr into the cell, 
producing holochromodium. The newly formed compound binds to 
insulin-stimulated receptors, helps to maintain their active conformation 
and enhances insulin signalling. When the level of insulin in blood 
decreases, the receptor signalling must be interrupted, and chromodulin 
is eliminated from the cells. The high Cr-binding constant suggests that 
Cr may not be released from chromodulin to regenerate the apo form, as 
formation of the apo-oligopepetide from holochromodulin requires 
chelating agent activity at low pH and high temperature, which is not 
possible if physiological conditions are to be preserved (Davis and 
Vincent, 1997a). Loss of chromodulin from cells is consistent with the 
increased Cr concentration in urine following the intake of 
carbohydrates, and chromodulin seems to be the main form of Cr3+ 
presence in urine (Anderson et al., 1982). 
1.4.8 The role of chromium in metabolism 
1.4.8.1 Carbohydrates metabolism 
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 The relationship between Cr and carbohydrate metabolism has 
been demonstrated by trials in people fed parenteral nutrition. Jeejebhoy 
et al. (1977) have published the results of a trial on women kept at 
parenteral nutrition for 5 years. The patients developed symptoms of 
diabetes together with a significant glucose intolerance and loss of 
weight. Insulin therapy was not efficient and it was only after 
supplementation of 250 µg of Cr that the state of the patients started to 
improve and further insulin therapy became redundant. Also, syndromes 
similar to diabetes mellitus, which improved significantly after Cr 
supplementation, have been described showing an association between 
reduced sensitivity of peripheral tissues to insulin and Cr deficiency 
(Anderson et al., 1996). Improved glucose tolerance was, however, not 
observed in all trials. The lack of Cr deficiency or some other etiological 
factors may provide an explanation. A number of studies on human 
(Anderson, 2000; Tuzcu et al., 2004), pigs (Wenk et al., 1995), horses 
(Pagan et al., 1995; Ott and Kivipelto, 1999), cattle (Subiyatno et al., 
1996) and rats (Kim et al., 2004) confirmed the effect of Cr 
supplementation on glucose tolerance and insulin resistance. 
 Anderson (1997) reported that supplementation of Cr and insulin 
to animal tissues in in vitro experiments increases glucose oxidation, 
glycogenesis and conversion of glucose to lipids. Which are in consistent 
with the increase glucose utilization. 
1.4.8.2 Lipids metabolism  
 Chromium is essential for lipid metabolism and reducing the risk 
of atherogenesis. For example, rats and rabbits fed on a Cr-deficient diet 
show increase in the total cholesterol and aortal lipid concentrations, 
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therefore, increase the tendency of plaque formation (Abraham et al., 
1982a,b). Cr supplementation has decreased the total cholesterol in their 
blood. An increase of HDL-cholesterol (Riales and Albrink, 1981) and a 
decrease in total cholesterol, LDL-cholesterol and triacylglycerols 
(Lefavi et al., 1993) have been observed in humans after Cr 
supplementation. Similar results were found by Lifschitz et al. (1980) 
and Mossop (1983). Nevertheless, Cr supplementation was not proven to 
have any effect in other human trials (Anderson et al., 1983; Rabinowitz 
et al., 1983; Offenbacher et al., 1985; Potter et al., 1985; Uusitupa et al., 
1992). These ambiguous results concerning the response of blood lipids 
and lipoproteins to Cr supplementation may be due to differences in the 
Cr supplementation of different individuals. Similarly, these studies 
mostly ignored other main dietary factors directly impact lipid 
metabolism. McNamara and Valdez (2005) studied the action of 
chromium propionate on lipogenesis and lipolysis in adipose tissues in 
Holstein dairy cows from 21 days prepartum to 35 days post partum. 
Chromium increases the net synthesis of fat in the adipose tissue and 
decreased the net release. This may be due to the linkage of chromodulin 
with the insulin receptor and the increased glucose flux into the 
adipocyte (McNamara and Valdez, 2005). 
1.4.8.3 Proteins metabolism  
 The activity of Cr is mediated by the anabolic action of insulin, 
but other mechanisms can not be ruled out. Evans and Bowman (1992) 
have reported an increase of amino acid and glucose uptake by skeletal 
muscles of rats that had been incubated with Cr-picolinate. This 
alteration in uptake of nutrients is associated with the alteration of 
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insulin parameters and is Cr-dependent (Evans and Bowman, 1992). The 
potential improvement of amino acid uptake by muscle cells is beneficial 
to the total protein deposition. In addition Cr supplementation intensifies 
the incorporation of amino acids into heart proteins and amino acid 
uptake by tissues in rats (Roginski and Mertz, 1969). 
1.4.9 Regulation of hormones 
1.4.9.1 Cortisol 
 Numerous studies have confirmed the association between Cr and 
the metabolism during increased physiological, pathological and 
nutritional stress. Cr demand in humans and animals increases during 
periods of high stress - e.g. fatigue, trauma, gestation and different forms 
of nutritional (high-carbohydrate diet), metabolic, physical, and 
emotional stress as well as environmental effects (Anderson, 1994). 
Under stressor influence, secretion of the cortisol increases, acting as an 
insulin antagonist by increasing blood glucose concentration and 
reducing glucose utilization by peripheral tissues. Increased blood 
glucose level stimulates the mobilization of the Cr reserve, Cr being then 
irreversibly excreted in urine (Borel et al., 1984; Mertz, 1992). Cr 
excretion in urine is enhanced by all stress-inducing factors (Mowat, 
1994). 
 A number of authors observed a decrease in sensitivity to stress in 
Cr supplemented animals through reduction of cortisol concentration in 
blood (Chang and Mowat, 1992; Moonsie-Shageer and Mowat, 1993; 
Mowat et al., 1993; Pechova et al., 2002b). Nevertheless, serum cortisol 
concentration in dairy cows after parturition showed an inconsistent 
increase in Cr supplemented animals (Burton et al., 1995; Yang et al., 
 xxxiv
1996; Pechova, 2002a), which suggests a contradictory corelation 
between Cr and cortisol. 
 The addition of chelated chromium to the diet of dairy cows under 
heat stress improves milk yield and feed intake without affecting milk 
components (Al-Saiady et al., 2004). However, decrease in sensitivity of 
animals to cold stress has not been detected (Sano et al., 1999; 2000a, b). 
1.4.9.2 Insulin 
Chromium has an improving effect on insulin binding to its 
receptors by increasing the number of these receptors on the cell surface. 
Moreover, it increases the sensitivity of pancreatic β-cells, together with 
an overall increase of insulin-sensitivity (Anderson, 1997). Chromium 
acts as a cofactor for insulin and therefore, Cr activity in the organism is 
parallel to insulin functions. Despite enhancing insulin activity, 
chromium cannot substitute insulin. In the presence of organic Cr a 
lower insulin level is sufficient to achieve a similar biological response 
(Mertz, 1993). This is confirmed by Striffler et al. (1999) who have 
detected an increase in insulin secretions in Cr-deficient rats during their 
response to an increased blood glucose level. Stahlhut et al. (2006) 
reported lower serum insulin concentration (10-45 min) after glucose 
administration in chromium picolinate supplemented cows versus control 
group. Nevertheless, Schachter et al. (2001) studied the effect of Cr 
supplementation at a dose of 20-60 µg/kg to the diet of diabetic dogs 
treated with insulin, and didn't find any effect.  
1.4.10 Immune function 
 A number of authors have been involved in studies investigating 
effects of Cr supplementation on the immune function. Although Cr is 
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believed to have different kinds of inborn, humoral and cellular 
immunomodulatory effects, the underlying mechanism of intercellular 
and intracellular action remains unknown. The immune function may be 
affected in association with insulin and/or cortisol activity, but it can as 
well be mediated by regulation of certain cytokines production (Borgs 
and Mallard, 1998). 
 Results of trials focused on the effect of Cr supplementation on 
parameters characterizing the immune function in cattle may be 
summarized as follows: when cows are supplemented with Cr from 6 
weeks before parturition until 16 weeks after parturition they show a 
much stronger blastogenic response when stimulated with concavalin A 
(ConA) (Burton et al., 1993). In contrast, Cr-supplemented cows 
vaccinated with ovalbumin show weaker ovalbumin-stimulated 
blastogenic response of peripheral blood mononuclear cells (PBMC) 
compared with unsupplemented cows (Burton et al., 1993). However, 
supplementation of Cr-supplemented blood serum to the PBMC culture 
of unsupplemented cows has increased lymphocyte blastogenesis after 
ConA stimulation (Burton et al., 1995). The same effect is observed 
when Cr is directly supplemented to a PBMC culture from 
unsupplemented cows (Chang et al., 1996). PBMC cultures from 
supplemented cows show lower interleukin (IL)-2 level, interferon 
(IFN)-γ level and tumour necrosis factor (TNF)-α level after in vitro 
ConA stimulation (Burton et al., 1996). Antibody production in response 
to the antigenic stimulus shows differences depending on the antigen 
type. Supplemented cows exhibit stronger antigenic response after 
ovalbumin application, but not to human erythrocytes (Burton et al., 
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1993). Chromium has no impact on antibody response to combined 
vaccination with commercial preparations against infectious bovine 
rhinotracheitis (IBR), parainfluenza type 3 (PI-3), bovine respiratory 
syncitial virus (BRSV) or Pasteurella haemolytica, however, it increases 
the antibody titre against bovine viral diarrhoea (BVD) (Burton et al., 
1993). Chromium supplementation increases the production of 
antibodies against IBR (Burton et al., 1994) and tetanus toxoid (Faldyna 
et al., 2003). Lien et al. (2005) studied the immune response in weanling 
pigs supplemented with chromium propionate (0.2 mg/kg). Pigs 
supplemented with Cr have higher antibody titers specific for sheep red 
blood cells and total serum globulin. Noteworthy, a challenge with 
Escherichia coli lipopolysaccharide (0.1 mg/kg BW) was used in this 
experiment as stress-inducing agent where an increase in the white blood 
cells, IgG, and gammaglobulin has been shown. 
1.4.11 Chromium toxicity 
 The toxicity of Cr is associated mainly with hexavalent chromium 
(Cr6+). However, trivalent chromium (Cr3+) is believed to be a highly 
safe mineral. Hexavalent Cr is more soluble than trivalent Cr and at least 
five times toxic (Barceloux, 1999). The safety limit for Cr3+ is 
approximately 1:10 000. Cr3+ toxicity is in fact lower than the toxicity of 
all other essential elements such as copper, iron, zinc, manganese and 
especially selenium (Lindemann, 1996). 
 The toxicity of Cr6+ compounds is most probably based on an 
oxidative DNA impairment (Cohen et al., 1993). The details of Cr6+ 
toxic activity are, however, unknown. It is assumed that genotoxicity 
may be due to a transient form (Cr5+) of intracellular origin formed by 
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the reduction of Cr6+ to Cr3+ (Stearns et al., 1995). Extracellular 
reduction of Cr6+ to Cr3+ is regarded as a protective reaction (De Flora et 
al., 1989). The main protection mechanism against Cr6+ toxicity in the 
lungs and the stomach is the reduction of Cr6+ to Cr3+ by an NADPH-
dependent mechanism involving ascorbate. Animal trials show that 
glutathion plays an important role in Cr6+ reduction in erythrocytes, and 
to a lesser extent in the lungs (Suzuki and Fukuda, 1990). 
 Cr intoxication is characterized by pathological and anatomical 
changes in the lungs, kidneys and liver. The lungs are affected with 
hyperaemia, erosion and inflammatory changes. Because Cr6+ 
compounds sensitizing the lungs, a bronchial spasm or even an 
anaphylactic reaction may develop. Chronic exposure to Cr has been 
reported as an aetiological factor for nose septum perforation and small 
cell cancer of the lung tissues (Lee et al., 2002). Acute intoxication with 
Cr6+ could also lead to acute renal tubular necrosis characterized by 
significant interstitial change and subsequent renal failure (Ellis et al., 
1982; Saryan and Reedy, 1988).  
1.5 Chromium in poultry 
 Chromium (Cr) is not yet considered as an essential trace element 
for poultry, although this micronutrient may play a nutritional and 
physiological role. The National Research Council (NRC) has 
recommended 300 ug Cr /kg diet for laboratory animals (NRC, 1995). 
However, currently there are no NRC recommendations for Cr in poultry 
diets (NRC, 1994; 1997). Supplementation with an organic source of Cr 
such as chromium picolinate may prove to be beneficial to birds under 
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heat stress because birds may obtain more Cr despite lowered feed 
consumption (Kim et al., 1996). 
 Two general forms of chromium have been used in 
supplementation trials, the inorganic form (CrCl3.6H20) and organic 
forms that seem to have greater availability (Lukaski, 1999). However, 
because small concentrations are required, chromium chloride and not 
organic forms may be the economical source in many diets. Plant 
products contain a low content of chromium, implying that poultry and 
animals may have a deficiency of chromium because their diets consist 
mainly of plant ingredients (Schroeder, 1971; Gibson, 1989; Giri et al., 
1990). 
1.5.1 Trivalent chromium 
 Trivalent chromium is used in the poultry feed because of the 
reported benefits of chromium supplementation in broiler under heat 
stress (sahin et al., 2002a; 2003a), and the fact that stress conditions 
increase chromium mobilisation from tissues where it excreted 
irreversibly in urine (Borel et al., 1984; Mertz, 1992; Anderson, 1994). 
 Trivalent chromium is a well known essential trace element for 
human and animals (Schwartz and Mertz, 1959). Trivalent chromium 
improves insulin effectiveness by enhancing its binding to receptors and 
the sensitiveness of the target cell (Anderson, 1997b). This element is 
also involved in carbohydrate, lipid, protein and nucleic acid metabolism 
(Steele and Rosebrough, 1981; Okada et al., 1984; Ohba et al., 1986; 
McCarty, 1991). Research on animals has confirmed that chromium 
from organic complex such as chromium picolinate, nicotinate and high 
chromium yeast is absorbed more efficiently (25-30%) than inorganic 
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compounds like chromium chloride (CrCl3) which are poorly absorbed 
(1-3%) regardless of dose or dietary chromium status (Underwood and 
Suttle, 1999; Mowat, 1994; Olin et al., 1994). 
1.5.2 Chromium enhancing effects 
 The supplementation of chromium (Cr) in livestock diet is gaining 
importance since recently published reports have indicated that Cr 
supplementation can improve animal metabolism and thus enhance 
production performance and the composition of animal products (Spears, 
1999). Dietary Cr supplementation positively affects the growth rate and 
food efficiency in growing poultry (Cupo and Donaldson, 1987; Lien et 
al., 1999; Sahin et al., 2001a). Steele and Rosebrough (1981) reported 
that addition of 20 ppm chromium (CrCl3) increases the weight gain of 
turkey poults fed on diets that are protein deficient. Chromium 
supplementation has been related to the increase in protein deposition 
(Seerley, 1993; Ward et al., 1995), with decrease in muscle fat (Ward et 
al., 1995). It also affects body mass and feed conversion ratio (Hossain 
et al., 1998). Its role in stress condition in animals and birds is more 
appreciated where it helps to reduce the negative effects of 
environmental and nutritional stresses. Sands and Smith (1999) also 
reported that dietary chromium picolinate supplementation increases the 
growth rate in stressed broilers. Lien et al. (1999) reported that 1600 
µg/kg or 3200 µg/kg chromium picolinate supplementation in a broiler 
diet increases the feed intake and improve the live weight gain. 
Moreover, Sahin et al. (2001b) reported that a supplement of 400 ppm 
chromium to the diet of laying hens reared under a low ambient 
temperature increases the egg production and improves the feed 
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efficiency. Sahin et al. (2002c) also reported that the decrease in live 
weight, feed intake, egg production and feed efficiency in laying hens 
reared under cold stress can be alleviated by dietary chromium and zinc 
supplementation. More recently, it has been reported that chromium 
supplementation increases the body weight, body weight gain, feed 
conversion ratio and the dressing percentage (Zawadzki et al., 2004 and 
Kroliczewwsk et al., 2005).  
 Chromium is intimately involved in carbohydrate metabolism. 
Chromium is generally accepted to be the active component in glucose 
tolerance factor (GTF), which increases the sensitivity of tissue receptors 
to insulin, resulting in increased glucose uptake by cells (Schwarz and 
Mertz, 1959; Mertz, 1967; 1969) and glucose utilization for lipogenesis 
and glycogenesis (Anderson et al., 1991).  
 The effect of insulin in chickens differs from its effect in 
mammals (Leville et al., 1975). Insulin induces hypoglycemia in 
chickens and tends to elevate circulating free fatty acid levels. Kim et al. 
(1995) reported an increase in insulin level in CrPic supplemented 
broilers. Chromium stimulates and regulates the action of insulin 
(Anderson 1994; Mowat 1994) and increases the effectiveness of insulin 
(Colgan 1993) which is involved in anabolic processes. 
 Chromium is essential for normal glucose metabolism; it is a 
component of GTF that works with insulin to move glucose into cells for 
energy generation. Insulin regulates metabolism of carbohydrate, fat and 
protein by stimulating amino acid uptake and protein synthesis as well as 
glucose utilization (Colgan, 1993).  
 xli
 The dietary supplementation of inorganic chromium reduces 
serum total cholesterol and glucose concentrations (Mohamed and Afifi, 
2001; Sahin et al., 2002a; Zawadzki et al., 2004; Ahmed et al., 2005). 
 The supplementation of 500 µg/kg Cr increases serum total protein 
slightly but not significantly (Zawadzki et al., 2004). However, Sahin et 
al. (2002a) reported a signifigant increase in the concentration of serum 
total protein due to chromium picolinate   supplementation. 
1.5.3 Immune system 
 The major organs involved in the immune system of the chicken 
are the bursa of fabricius and the thymus.  
 The bursa of fabricius, the source of antigen-producing B-
lymphocytes, is a gut-associated primary lymphoid tissue which 
becomes colonised by precursor cells during embryogenesis and is 
essential for the normal progression of B-lymphocyte development 
which function as the antigen reactive precursors to antibody producing 
plasma cells. The chicken thymus is divided into twelve lobes, running 
parallel to the cervical vertebrae. The thymus has been demonstrated 
functionally by specific stimulation of T-lymphocytes. The functions of 
T-lymphocytes include helper and suppressor effects of antibody 
production (Glick, 2000).   
 Environmental stress depresses the immune function of birds by 
impeding production of antibodies and effective cell-mediated immunity 
(Zulkifli, 1994). The phagocytic potential of chicken macrophages 
decreases during heat exposure (Miller and Qureshi, 1992). 
 Immunological function has been enhanced by trivalent Cr, and its 
effects seem to be more pronounced during times of stress (Borgs and 
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Mallard, 1998). Chromium may enhance some aspects of humoral and 
cell-mediated immunity (Lukaski, 1999). Cr supplementation increases 
proliferation of peripheral blood lymphocytes in term of increased 
blastogenic activity of peripheral blood lymphocytes incubated with 
amitogen (Chang et al., 1994; Cerulli et al., 1998). These authors also 
studied the effect of dietary Cr on haemagglutinin antibody titre in 
chickens immunized with sheep RBCs. Their results indicate that Cr 
supplementation at a level of 20 ppm increases the haemagglutinin 
antibody titre at 21 and 28 days post immunization. Furthermore, Uyanik 
et al. (2002) reported that dietary Cr supplementation (20 mg/kg) could 
increases the cell-mediated response to phytohaemagglutinin.       
1.6 Ascorbic acid (C6 H8 O6) 
 Vitamin C (Fig. 1) is a vitamin for human beings and other 
primates, guinea pig, bats, passerine birds and most fishes and 
invertebrates. Other animals synthesize vitamin C as an intermediate 
product in the uronic acid pathway of glucose metabolism (Bender and 
Mayes, 2003). 
 
 
                               
Fig. 1: Ascorbic acid (chemical structure) 
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1.6.1 Ascorbic acid in poultry 
 Ascorbic acid functions as a reducing and an antioxidant agent. 
Previous studies have shown that ascorbic acid is an indispensable 
micronutrient required to maintain the physiological processes of certain 
animals including poultry (McDowell, 1989). Poultry are known to 
synthesize vitamin C. Therefore, they don't require a dietary source of 
vitamin C (Sahin and Sahin, 2002). Pardue and Thaxton (1986) have 
documented evidence that particular environmental stressors can alter 
ascorbic acid utilization or synthesis in avian species. It has been also 
reported that ascorbic acid synthesis is inadequate under stress 
conditions such as low or high environmental temperatures, humidity, 
high production rates and parasitic infestation (Sykes, 1978; Hornig et 
al., 1984; McDowell, 1989; Cheng et al., 1990). Several studies have 
documented a beneficial effect of ascorbic acid supplementation on 
growth rate and egg production in stressed-poultry (Thornton, 1962; 
McDowell, 1989; Abd-Elghani, 1992; Bains, 1996). At temperatures 
above or below thermoneutral zone, corticosteroid secretion increases in 
response to stress (Brown and Nestor, 1973). Ascorbic acid (AA) 
alleviates the negative effects of stress such as heat stress-related 
depression in poultry performance by decreasing synthesis and secretion 
of corticosteroids (McDowell, 1989). 
 Many studies conducted in broiler chicks have demonstrated the 
beneficial effect of dietary ascorbic acid supplementation during heat 
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stress (Pardue and Thaxton, 1982; Ismail, 1991; McKee and Harrison, 
1995).  
1.6.2 Ascorbic acid enhancing effects 
 Heat stress reduces growth rate, feed consumption, egg production 
and feed efficiency in poultry (Emery et al., 1984; Sauveur and Picard, 
1987; Ensminger et al., 1990). It has been reported that ascorbic acid 
supplementation is of beneficial for the performance of broiler chicks 
under heat stress (Pardue and Thaxton, 1982; Kafri and Cherry, 1984; 
McKee and Harrison, 1995; McKee et al., 1997; Lohakare et al., 2005). 
Furthermore, it has been demonstrated that AA supplementation 
decreases mortality rate in broiler chicks under hot climate (Vathana et 
al., 2002).  
 High ambient temperature increases blood corticosterone, glucose, 
cholesterol and reduces serum total protein concentrations (Donkoh, 
1998). Serum corticosterone, cholesterol and glucose concentrations 
have been shown to decrease with dietary ascorbic acid supplementation 
(Sahin et al., 2002d; Sahin et al., 2003a; Gursu et al., 2004; Ahmed et 
al., 2005). However, serum total protein and albumin concentrations 
have been shown to increase with dietary ascorbic acid supplementation 
(Sahin et al., 2002d; Sahin et al., 2003a; Gursu et al., 2004). 
 Broilers fed diets containing ascorbic acid are less stressed and 
have lower body temperature and respiratory rates (Thaxton and pardue, 
1984; Pardue and Thaxton, 1986; Kassim and Norziha, 1995). 
1.6.3 Immune system 
 The immune system is sensitive to increased temperature, which 
causes increase in corticosteroids levels and decrease in leucocytes count 
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and lymphocyte percentage (Wolford and Ringer, 1962). The protective 
effects of ascorbic acid is mediated through its ability to reduce 
circulating glucocorticoids (Degkwitz, 1987). Ascorbic acid can 
modulate the immune system via its role in the regulation of hormones 
associated with stress (Scott, 1981). Acute stressors activate the 
hypothalamic-pituitary-adrenal axis resulting in the elaboration of 
corticotrophin releasing hormone (CRH). Corticotrophin releasing 
hormone stimulates the anterior pituitary to release adrenocorticotropic 
hormone which in turn stimulates the adrenal cortex to increase 
circulating plasma levels of glucocorticoids (Scott, 1981). 
Glucocorticoids, especially cortisol, compromise many facets of the 
cellular and humoral immune responses. 
 It has been reported that ascorbic acid decreases the serum ACTH 
concentration (Nockel et al., 1973; Sheila and Cheryl, 1978; Kutlu and 
Forbes, 1993; Sahin et al., 2002d; Sahin et al., 2003a; Gursu et al., 
2004). It has been also reported that AA supplementation improves 
antibody response to infectious bursal disease (IBDV) and Newcastle 
disease virus (NDV) vaccination (Amakye-Anom et al., 2000), and in 
vitro T- lymphocyte proliferation in heat-stressed laying hens 
(Puthpongsiriporn et al., 2001). Dietary supplementation of ascorbic acid 
ameliorates the immunosuppression caused by IBDV vaccination and 
improves humoral and cellular immune responses (Wu et al., 2000; 
Lohakare et al., 2005). Furthermore, an increase in NDV antibody titer 
and T-lymphocytes proliferation due to dietary supplementation of 
ascorbic acid (350 mg/kg) has been demonstrated (Lin et al., 2003; 
Aengwanich et al., 2003). Generally, dietary supplementation of ascorbic 
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acid can improve immune response in birds under heat stress and disease 
conditions (Gross, 1992). 
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CHAPTERE TWO 
MATERIALS AND METHODS 
 
2.1 Experimental house  
 This study was carried out during summer season (May- July 
2007) at the Department of Physiology, Faculty of Veterinary Medicine, 
University of Khartoum – Shambat. 
 The experimental farm house is made of concrete floor, zinc roof, 
wire net sides, with dimensions of (24 m x 15 m x 3 m) and situated in 
an east- west orientation. 
 The experimental house was divided into sixteen wire cages, each 
with dimensions of (1 m x 1 m x 0.8 m height) and 10 birds per cage.  
 The poultry house was cleaned and disinfected with formalin 40%. 
The floor was spreaded with a thin layer of fresh wood shavings. Manual 
feeding and drinking equipments were used. Light was provided for 24 
hrs (natural and artificial). Florescent light sources were located over 
every replicate to provide illumination of uniform intensity (100 
watt/block).  
2.2 Experimental birds 
 A total of 160 one day-old broiler chicks (Ross 308) without sex 
determination were purchased from Coral Company – Khartoum – 
Sudan. The chicks were randomly assigned to control (A) and three 
treatment groups (B, C, D) each of 40 birds based on their initial body 
weight and comprising four replicates with 10 birds each. 
 The birds were vaccinated against Newcastle disease virus (NDV). 
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Live Newcastle disease vaccine (Lasota strain) was administered via 
drinking water at 8 and 24 days of age. 
2.3 Experimental feed 
 The feed was formulated according to National Research Council 
(NRC, 1996) to meet the nutrients requirements of broiler chicks. 
Ingredients and chemical composition of the basal diets are shown in 
table 1 and 2, respectively. 
 The birds were fed with starter diet till 21 days of age. Thereafter, 
they were fed with finishing diet up to the end of the experiment. Diet 
and water were offered ad libitum throughout the experiment. 
2.4 Experimental design 
 The experiment was designed according to complete randomized 
design. The birds were fed on basal diet (group A), basal diet 
supplemented with 20 mg chromium chloride /kg (group B), basal diet 
supplemented with 1000 mg ascorbic acid /kg basal diet (group C) or 
basal diet supplemented with 20 mg CrCl3 and 1000 mg AA  /kg basal 
diet (group D). The additive levels of CrCl3 and AA were measured 
exactly with a digital balance and were mixed with the basal diet 
immediately before being introduced to the chicks. 
2.5 Experimental Plan 
 A total of 160 one-day old broiler chicks (Ross-308) of average 
weight (34.7 - 35.7 g) were used in this study during the summer season 
2007. All chicks were raised up to 49 days of age. 
 
Table 1: Ingredients of basal starter and finisher feed (%) 
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*Broiler concentrates from Provimi Holland (Protein 38%, ME 1825 kcal/kg, 
Phosphorus 7.5%, Lysine 10.58%, Methionine 4.25%, Fat 3.25%, Crude fiber 2%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Nutrient composition of basal starter and finisher feed. 
Ingredient                          Starter(1-21 days)               Finisher(22-49 days) 
 
Sorghum                                        59.80                                       62.00 
 
Ground nut cakes                        30.00                                        20.00 
 
Wheat bran                                     2.00                                          9.58 
 
Broiler concentrate*                      5.00                                          5.00  
 
Salt                                                  0.25                                           0.25 
 
Methionine                                     0.09                                           0.06 
 
Di-calcium phosphate                   0.71                                           0.23 
 
Calcium carbonate                        0.28                                           0.50   
 
Lysine                                             0.12                                           0.08 
 
Vegetable oil                                  1.50                                           2.10               
 
Premix                                            0.25                                           0.20    
 
  Nutrient                          Starter(1-21 days)             Finisher(22-49days) 
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 Chicks were divided into four treatment groups, each of 40 birds 
(A, B, C and D). Individuals in each treatment were further divided into 
four replicate, each of 10 birds. The birds were fed either a control diet 
(A), the control diet supplemented with chromium chloride, CrCl3 (20 
mg/ kg) (B), control diet supplemented with ascorbic acid, AA (1000 
mg/ kg) (C) or control diet supplemented with CrCl3 and AA (D). 
 Chicks were fed starter diet till 21 days of age followed by a 
finishing diet from day 21 to day 49. 
 All birds were weighed on the first day and then weekly to 
determine the body weight (g). Feed intake (g), body weight gain (g) and 
feed conversion ratio (FCR) were calculated weekly.  
 Rectal temperature (Tr) and respiratory rate (RR) of the chicks 
         
Crude protein (%)                         23.00                                    21.00 
 
Lysine             (%)                           1.20                                      1.10 
 
Methionine     (%)                           0.50                                      0.45  
 
Calcium           (%)                          1.10                                      1.00 
 
Phosphorus      (%)                         0.50                                      0.40 
 
Crude fiber      (%)                          5.00                                      5.00 
  
ME (kcal/kg)                                    3100                                     3173            
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were taken weekly at 14:00 h. 
 Blood samples were collected weekly starting from the first week 
of the study.  
 The experiment was terminated at day 49, where all birds were 
weighed before and after being slaughtered for computing the dressing 
percentage and the carcass weight. Liver and heart were dissected out 
and weighed.     
2.6 Measurements of production parameters    
2.6.1 Feed intake 
 Birds in each replicate were offered an equal amount of feed in 
excess to the breed manual. The weighed feed was offered in separate 
feeders (1 trough/ replicate). 
 
 The actual feed intake was obtained by subtracting the weight of 
the left over feed from the weight of the feed offered, using digital 
balance. Feed intake was obtained at weekly interval on replicate basis, 
and expressed later as (g/bird). 
2.6.2 Body weight 
 Initial body weight of one day old chick was measured using 
digital balance. Body weight (g) was recoded weekly on group basis. 
2.6.3 Body weight gain:  
  Body weight gain (g) was recorded weekly on group basis. 
2.6.4 Feed conversion ratio (FCR)              
 The feed conversion ratio was calculated weekly from the 
individual feed intake and weight gain as fallows: 
                                     FCR =      Feed intake (g) 
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                                                      Weight gain (g) 
2.7 Physiological responses 
2.7.1 Ambient temperature (Ta) and relative humidity (RH)  
 The Ta and RH data of the experimental period were obtained 
from the local metrological station in Shambat. Mean ambient 
temperature acquired from the weekly average of maximum and 
minimum values and mean relative humidity are shown in table 3. 
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Table 3: Average weekly values of minimum, maximum and mean ambient 
temperature (°C) and relative humidity (%) during the experimental 
period (May - July 2007). 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week                       Ambient temperature (°C )                   Relative humidity 
                           Min               Max                Mean                          (%) 
 
1st                        26                   43                     34.5                            24 
2nd                       25                   43                     34.0                            37 
3rd                       27                   42                     34.5                            49 
4th                       28                   41                     34.5                            58 
5th                       26                   41                     33.5                            50 
6th                       28                   39                     33.5                            52 
7th                       26                   37                     31.5                            50 
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2.7.2 Rectal temperature (Tr)    
 A digital classic thermometer (up to 44 oC) was used to measure 
the rectal temperature twice weekly at 14:00 h (the time of peak room 
temperature). The probe of the thermometer was inserted approximately 
5cm into the rectum touching its wall. The deep body temperature was 
recorded when the reading had fixed. 
2.7.3 Respiratory rate (RR) 
 The respiratory rate (breath/min) of birds was measured visually 
twice weekly by counting movement of the ventilation per minute when 
the birds were quite. 
2.8 Blood sampling and analysis: 
 Blood samples were collected weekly starting from the first week 
of the experiment. The samples were collected from the brachial vein of 
the wing using insulin disposable syringe (27-gauge needle). The 
samples were collected from 3 birds/replicate. Two and half ml of blood 
were collected from each bird and immediately transferred to duplicate 
capped test tubes. One tube with sodium fluoride as anticoagulant and 
the other without anticoagulant. The blood in the tube with anticoagulant 
was used for the determination of packed cell volume (PCV), 
haemoglobin (Hb), differential white blood cells count and plasma 
glucose. The blood in other tube without anticoagulant was kept at room 
temperature to separate serum sample. The free serum was pipetted into 
duplicate test tubes, labelled and immediately kept at -20oC. One tube 
was used for the determination of serum metabolites (cholesterol, total 
protein and albumin), serum osmolality and Newcastle disease virus 
(NDV) antibody titre. The other tube was used for hormones (insulin and 
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cortisol) analysis. 
2.8.1 Haemoglobin determination 
 Haemoglobin concentration was determined by cyano-
methaemoglobin method as describe by Van Kampen and Zijlstra 
(1961). 
Principles 
 Drabkin’s solution contains potassium anile, this substance 
oxidizes the iron in the haemoglobin to met-haemoglobin and then the 
met-haemoglobin reacts with the cyanide to form cyanomet-
haemoglobin. 
Reagents 
 The reagent (Drabkin’s solution) was prepared by dissolving 0.2 g 
potassium cyanide, 0.05 g of ferricyanide and 0.14 g of potassium 
hydrogen diorthophosphate in 1 litre of distilled water.  
 One ml of human Hb standard (Biosystem-Spain), with a 
concentration of 14.6 g/dl was used as standard. 
Procedure 
- 2.5 ml of working reagent was added to 3 tubes (blank, Sample 
and standard). 
- 10 µl of blood was added to the sample tube. 
- 10 µl of standard was added to the standard tube. 
The tubes were well shacked and kept at room temperature for 10 min 
and then the optical densities were read using colorimeter at 540 nm. 
Calculation 
Test optical density x Standard concentration (14.6 g/dl)  =  Hb (g/dl) 
                                      Standard optical density 
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 2.8.2 Packed cell volume (PCV)  
 The PCV was measured using capillary tube. The tube was filled 
with blood to about 75 % of its capacity. One end of the tube was sealed 
by crystaseal and then centrifuged at 3000 (RPM) for 5 minutes in a 
micro-haematocrit centrifuge (Haematocrit 210- Hettich- Zentrifugen- 
Germany). PCV was then determined using haematocrit reader as 
described by Jain (1986). 
2.8.3 Differential leukocytes count  
 Heterophils/Lymphocytes ratio was determined microscopically 
(immersion lens x100) using blood smear stained by Giemsa – May 
Günwald and counting 100 leukocytes. Examination of the blood smear 
was done by Battlement method (Kelly, 1984). 
Preparations of blood smear               
 The blood smear was prepared from freshly drown blood by 
depositing small drop on one end of the slide. The blood was then spread 
using spreader, dried and fixed by methyl alcohol for three minutes. 
Smears were stained by Giemsa – May Günwald (Dacie and Lewis, 
1975). 
Preparation of the stains 
 Giemsa stain was formulated by dissolving 3.8 gm stain powder in 
250 ml methanol and 250 ml glycerol, and then it was heated in water 
path at 50 oC for 2 hrs. The May-Günwald was prepared by dissolving 
0.3 stain powder in 100 ml methanol, and then it was heated in water 
path at 50 oC. The stains were well shacked and kept at room 
temperature using brown bottles. 
Protocol       
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 Dried and fixed smears were transferred directly to diluted May-
Günwald (1:1 distilled water) for 10 min. The smears were then 
transferred to diluted Giemsa stain (1:10 distilled water) for 20 min. The 
slides were then washed by distilled water and allowed to dry. 
2.8.4 Analysis of blood chemistry            
 The weekly collected plasma was transferred to test tubes for 
immediate determination of the plasma glucose. Whereas the weekly 
collected serum samples were transferred to duplicate test tubes for 
determination of hormones (insulin and cortisol), serum metabolites 
(total protein, albumin and cholesterol), serum osmolality and NDV 
antibody titre. 
2.8.4.1 Plasma glucose 
 Plasma glucose was determined by enzymatic colorimetric method 
using a kit (SPINREACT, S. ASPAIN). 
Principles  
 The concentration of plasma glucose was determined by 
enzymatic oxidation in the presence of glucose oxidase (GOD). 
Glucose      GOD          Gluconic acid + H2O2 
The hydrogen peroxidase reacts with 4- aminophenazone (4-AP) and 
phenol to form a violet red colour complex. 
H2O2 + 4-AP + Phenol    POD      Quinoneimine + H2O 
Reagents  
 Glucose reagents contain buffer (TRIS 92 mmol/l pH 7.4, phenol 
0.3 mmol/l) and enzymes (1500 U/l glucose oxidase (GOD), 1000 U/l 
peroxidase (POD) and 2.6 mmol/l 4- aminophenazone (4-AP). 
 The glucose standard was prepared by dissolving 100 mg of 
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glucose in 100 ml distilled water. 
Procedure 
 1.0 ml of the glucose reagent was added to 3 test tubes, 10 µl of 
plasma was added to one of the test tubes to prepare the sample tube, 
while the 10 µl of standard was added to the second test tube to prepare 
the standard tube and the third test tube was allowed without addition as 
a blank tube.  
 The tubes were well shaken and kept for 15-20 min at room 
temperature. Then the optical densities (OD) for the standard and sample 
were read using colorimeter at 520 nm. 
Calculation       
Plasma glucose (mg/dl) =     OD of sample    x 100 
                                              OD of standard 
2.8.4.2 Serum cholesterol 
 Serum cholesterol concentration was determined by enzymatic 
colorimetric method using a kit (SPINREACT, S. ASPAIN). 
Principle                      
 Serum cholesterol concentration was determined by enzymatic 
hydrolysis to release cholesterol and it’s esters from lipoprotein by 
cholesterol estrase (CHE). 
Cholesterol esters + H2O    CHE      Cholesterol +Fatty acids 
The ester is formed in the subsequent enzymatic oxidation of cholesterol 
by cholesterol oxidase (CHOD). 
Cholesterol + O2       CHOD       4-cholestenona + H2O2 
The hydrogen peroxide formed reacts with phenol and 4-
aminophenazone by (POD) to form a pink dye as indicator. 
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2H2O2 + Phenol + 4-aminophenazone   POD      Quinonimine + 4H2O. 
Reagents 
- Reagent 1: (buffer) consist of PIPES 90 mmol/l pH 6.9 and 
phenol 26 mmol/l. 
- Reagent 2: (enzymes) consist of cholesterol esterase (CHE) 300 
U/l, cholesterol oxidase (CHOD) 300 U/l, peroxidase (POD) 
1250 U/l and 4-aminophenazone (4-AP) 0.4 mmol/l. 
- The cholesterol standard was prepared by dissolving 200 mg 
cholesterol in 100 ml distilled water. 
- Working reagent was prepared by dissolving the content of vial 
reagent 2 (enzymes) in the bottle of reagent 1 (buffer) and 
mixing gently to dissolve the contents. 
Procedure  
 The blank was prepared by adding 1.0 ml working reagent to the 
blank tube. 10 µl of serum was added to 1.0 ml of working reagent to 
prepare the sample tube. The standard tube was prepared by mixing 10 
µl of cholesterol standard with 1.0 ml of working reagent. 
 The tubes were well mixed and incubated for 10 min at room 
temperature. The optical densities for the sample and standard were then 
read against the blank using colorimeter at 520 nm. 
Calculation  
 The concentration of serum cholesterol level was calculated as 
follows: 
Serum cholesterol (mg/dl) =        Optical density of sample      x 200 
                                                     Optical density of standard   
2.8.4.3 Determination of serum total protein 
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 The concentration of serum total protein was determined by Biuret 
reagent as described by (King and Wooton, 1965). 
Principle: 
 Protein molecules are composed of amino acids arranged in long 
chains called peptide chains. The links which join the amino acids 
together are known as peptide bonds. In the Biuret reaction the cupric 
ions in the reagent bind to the peptide bonds of the protein molecules in 
an alkaline solution to form blue-violet colored complex. 
Protein + Copper ions                       Protein – copper complex 
         Alkaline pH                                         Blue-violet 
Biuret reagent: 
 The reagent was prepared by dissolving 9.0 gm of sodium 
potassium tartarate in 500 ml of 0.2 M NaOH. Three gm of cupric 
sulphate was added and dissolved by stirring. Five gm of potassium 
iodine was then added, and the volume was completed to 1.0 litter with 
0.2 M NaOH. 
 The protein standard (5%) was prepared by dissolving 5.0 gm 
Bovine albumin in 100 ml distilled water. 
Procedure: 
 Five ml of Biuret reagent was pipetted into the blank, standard and 
sample tubes. 0.2 ml of serum was added to the sample tube. 0.2 ml 
distilled water was added to the blank tube. 0.2 ml of the protein 
standard was added to the standard tube. All tubes were well mixed and 
then incubated at 37 oC for 10 min in a water bath. The optical densities 
were read using spectrophotometer at 540 nm. 
Calculation: 
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Serum total protein (g/dl) =      Samples optical density     x 5 
                                                  Standard optical density 
2.8.4.4 Determination of serum albumin: 
 Serum albumin level was determined calorimetrically using the 
Bromocresol Green (BCG) reagent as described by Bartholomew and 
Delaney (1966).  
Principle: 
 Bromocresol Green is an indicator with yellow colour between pH 
3.5 - 4.2. When it binds albumin the colour of the indicator changes from 
yellow to blue green. 
Albumin + BCG (pH 4.2)                      Albumin- BCG complex 
           Blue – green 
Reagent: 
 0.17 gm Bromocresol Green (BCG) was dissolved in 25 ml of 0.1 
M NaOH. The volume was then made up to 250 ml by distilled water. 
Six ml of BCG was added to a mixture of 17.3 ml sodium citrate (29.4 
M) and 32 ml citric acid (21 M). The volume was made up to one litter 
with distilled water. 
Procedure:    
- 0.02 ml of the standard protein (5%) was added to 3.98 ml of 
BCG to prepare the standard tube. 
- 0.02 ml of serum was added to 3.98 ml BCG to prepare the 
sample tube. 
- 4.0 ml BCG was pipetted into the blank tube.     
The tubes were well mixed and the optical densities were read using 
spectrophotometer at 637nm. 
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Calculation:  
The concentration of serum albumin was calculated as fallows: 
Serum albumin (g/dl) =           Samples optical density      x 5 
                                                 Standard optical density 
2.8.4.5 Determination of serum insulin: 
 Serum insulin level was determined by (Insulin 
Radioimmunoassay Kit- IMK- 414). 
Principle of the procedure: 
 The radioimmunoassay method in this test depends on the 
competition between 125I labelled insulin and the insulin in the sample 
(or standard) for the limited number of binding sites on insulin specific 
antibody. After incubation for a fixed time, separation of bound from 
free is achieved by the PEG-accelerated double-antibody procedure. The 
tube is then counted in gamma counter, the counts being inversely 
related to the amount of insulin present in the sample.  
Contents of the kit: 
- 1 vial freeze-dried 125I labeled insulin (red) was reconstituted 
by addition of 11.0 ml buffer and mixed carefully. 
- 6 vial of freeze-dried insulin standards were reconstituted by 
the addition of 1.0 ml buffer and mixed carefully. The 
reconstituted standards contain respectively 5, 10, 20, 40, 80 
and 160 mIU/ml. 
- 1 vial freeze-dried insulin antibody (blue) was reconstituted by 
addition of 11.0 ml buffer and mixed carefully. 
Assay protocol: 
- The test tubes were arranged as total counts, NSB (Non 
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specific bound), standard 0, 5, 10, 20, 40, 80, 160 and the 
unknown samples. 
- 200 µl of buffer was pipetted into NSB tube, 100 µl of buffer 
was pipetted into 0 tubes, and 100 µl of insulin standard or 
unknown sample were pipetted into standard and sample tubes. 
- 100 µl of insulin antibody solution was added to all tubes 
except the total and NSB tubes. 
- Then 100 µl of 125I labelled insulin was placed into all tubes, 
mixed thoroughly and incubated at 37 oC for 2 hr. At this stage 
the total counts tubes was set a side. 
- 500 µl of the separating agent solution was placed to all tubes 
except total counts tube, mixed thoroughly and placed at 37 oC 
for 15 minutes. 
- All tubes were centrifuged at 1500 Xg for 15 minutes. 
- The supernatant of all tubes were decanted carefully except 
those of total counts tube. 
- The insulin concentration was counted using gamma counter 
(OAKFIELD- UK). 
2.8.4.6 Serum cortisol: 
 Serum cortisol level was determined by (125I-F Radioimmunoassay 
Kit- IMK- 484). 
Principle of the procedure: 
This assay is based on the competition between unlabelled cortisol 
and a fixed quantity of 1251-labeled cortisol for a limited number of 
binding sites on cortisol specific antibody. With different amounts of 
unlabelled ligand the amount of tracer bound by the antibody will be 
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inversely proportional to the concentration of unlabelled ligand. Upon 
addition of magnetizable immunosorbent the antigen-antibody complex 
is bound on solid particles which are then separated by either magnetic 
sedimentation or centrifugation. Counting the radioactivity of solid phase 
enables a standard curve to be constructed and samples to be quantitated.  
Contents of the kit: 
- F standard Lyophilized 7 vials/set (A: 0, B: 27.6, C: 82.8, D: 
207, E: 414, F: 828 and G: 1655 nMol/l). 
- 125I-F solution (20 ml). 
- F antibody solution (10 ml). 
- MsDA solution (20 ml). 
- 0.5 ml of distilled water was added to each vial of the F 
standard, except standard A where 1.0 ml of distilled water was 
added. 
Assay procedure: 
 Table 4 shows the assay procedure of cortisol. 
 
 
 
 
 
 
 
Table 4: Assay procedure of cortisol. 
                      Total count          NSB         standard         sample 
       Unit: µl 
F standard                                  50                 50 
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 All tubes were centrifuged at 2000 Xg for 20 min, the supernatant 
were carefully decanted, and the cortisol concentration was counted by 
using gamma counter (OAKFIELD- UK). 
2.8.4.7 NDV antibody response 
 The Newcastle disease virus antibody level was determined by 
haemagglutination test (HI or HA), the antibody titre was calculated 
using the method of Reed and Muench, (1938). 
Preparation of red blood cells (RBCs) suspension 
 Blood was collected from the wing vein in sterile disposable 
syringe containing Alsever’s solution. After gentle mixing blood was 
slowly transferred to a washing centrifuge, where an equal amount of 
sterile normal saline (NS) was added to each tube and the contents were 
centrifuged at 1500 r.p.m for 5 min. The supernatant fluid was discarded 
and the packed cells were resuspended in NS and centrifuged at 1500 
r.p.m for 5 min. This procedure was repeated three times and packed 
cells were diluted to 1% suspension in NS for use in HI or HA test. 
Preparation of 4HA unit virus 
 Haemagglutination (HA) test was performed on undiluted LaSota 
Sample                                                                                 50 
125I-F                     200               200               200               200 
F antibody                                                     100               100 
Saline                                         100 
Second antibody  
(MsDA)                                     200                200               200 
Mixed and incubated at 37 oC for 1 hr. 
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virus suspension. The last well showing HA was considered as one HA 
unit and accordingly, the 4HA unit was calculated. The virus suspension 
was diluted to contain 4HA unit per 25µl. 
 HI test procedure (Beta technique) 
 25µl of normal saline were transferred to each well of the 
microplate, then 25µl of serum samples under test were placed in the 
first row of wells and two-fold serial dilutions were made. 
 25µl of 4HA unit were placed in each well. Two rows of wells 
were left as controls. One row contained serial dilution of the antigen to 
confirm the 4HI units, and the other row contained RBCs. The plates 
were then left for 30 min at room temperature for antigen/antibody 
reaction to take place. After that 25µl of (1%) RBCs suspension was 
added to each well. The test was read after 30 min incubation at room 
temperature. Heamagglutination inhibition titre was expressed as the 
reciprocal of the highest dilution that gave 50% inhibition of 
agglutination (Allan et al., 1978). 
2.8.4.8 Serum osmolality 
 Serum osmolality was determined by freezing point depression 
using an osmometer (Cryoscopic Osmometer Osmomat 030 D-10823 
Berlin, Germany). 
 The osmolality depends on the concentration of all osmolality 
active parts dissolved in the solvent. Since the freezing point depression 
is directly proportional to the dissolved parts, the osmomat 030 directly 
measures the osmolality.     
2.9 Post- slaughtering measurement 
2.9.1 Carcass weight and dressing percentage 
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 All chicks were weighed before and after being slaughtered to 
compute the dressing percentage values. 
 The carcass was weighed after removing the internal organs, legs, 
head and feather to determine the dressing percentage as follows: 
Dressing percentage (%) =    Eviscerated carcass weight    x 100 
                                                    Live body weight 
2.9.2 Relative weight of visceral organs 
 On the day of sacrification, the liver and heart of three chicks from 
each replicate were dissected out carefully and immediately weighed 
using digital balance. 
2.10 Statistical analysis: 
 The data were arranged in a complete randomized design (CRD). 
The data were analyzed using the General Linear Models (GLM) 
procedure of SAS software (SAS institute, 1996). Significant differences 
(P<0.05) among the means were determined using Duncan’s new 
multiple range test (Duncan, 1955). 
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CHAPTER THREE 
RESULTS 
 
3.1 Physiological responses 
3.1.1 Rectal temperature (Tr) 
 There was a marked increase in Tr in response to increase in mean 
ambient temperature (Ta). The mean values of Tr among chicks fed on 
diets supplemented with AA or the combination of CrCl3 and AA 
showed significant (P<0.05) decrease during the 5th week compared to 
that of the control and CrCl3 supplemented groups (Table 5). 
3.1.2 Respiratory rate (RR)  
 The mean RR values of chicks fed on supplemented diets showed 
significant (P<0.01) reduction during the first three weeks as well as 5th 
week of age compared to that of the control group (Table 6).  
3.2 Body weight: 
 The mean body weight of broiler chicks raised under summer 
conditions was influenced by supplemental dietary CrCl3, AA or their 
 
 
 
 
 
 
Table 5: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly rectal temperature, Tr (°C) in broiler chicks raised under 
summer conditions (mean±SD).  
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a,b,c:Mean values within the same row with different superscript are significantly 
different at P<0.05. 
 
SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
 
 
 
 
 
 
 
Table 6: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly respiratory rate, RR (breaths/min) in broiler chicks raised 
under summer conditions (mean±SD).  
 
           A                      B                       C                    D                        Group 
Age             
 
 1stwk            41.17±0.30a           41.04±0.33a        41.03±0.28a           40.97±0.23a          
 
2ndwk            41.28±0.31a          41.48±0.34a          41.35±0.32a           41.30±0.40a           
 
3rdwk            41.94±0.38a          41.85±0.40a       41.95±0.41a          42.03±0.36a        
 
4thwk            41.76±0.25a          41.57±0.47a       41.73±0.37a          41.73±0.45a            
 
5thwk            42.01±0.14a         41.88±0.29ab        41.73±0.32b           41.70±0.22b        
 
6thwk            41.30±0.30a       41.00±0.46a        41.29±0.46a           41.13±0.44a            
 
7thwk            41.42± 0.65a     41.37±0.32a      41.53±0.63a        41.63±0.45a        
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a,b,c:Mean values within the same row with different superscript are significantly 
different at P<0.05. 
 
SD: standard deviation. 
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C: 
Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
 
 
 
 
           A                     B                    C                        D                    Group
Age          
 
1stwk          67.25±3.91a       60.08±3.31b       60.42±4.74b          60.17±3.99b           
 
2ndwk         64.42±5.03a      57.75±5.01b         57.75±4.35b           56.58±5.15b            
 
3rdwk         74.17±10.58a     66.92±8.46b       61.00±5.28b         62.58±7.20b       
 
4thwk         70.00±5.35a       68.17±5.16a       68.00±6.00a        65.67±6.92a            
   
5thwk         73.42±6.76a        66.42±6.47b         61.50±5.72b        66.42±7.47b         
 
6thwk         63.58±9.01a      55.08±4.75a           58.33±9.26a         56.83±7.97a 
   
7thwk         66.50±11.13a   55.92± 10.18a    57.58±10.84a    56.33±8.43a         
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combination. The mean body weight of all treated experimental groups 
showed a significant (P<0.05) increase from the 3rd week of age to the 
end of the experiment compared to that of the control group (Figure 2). 
Noteworthy, the level of the significance (P<0.01) was high during the 
3rd and 4th weeks of age.  
3.3 Body weight gain:  
The overall effect of dietary supplementation with CrCl3, AA or 
their combination on body weight gain was significant (P<0.05) during 
the 3rd and 4th weeks of age compared to that of the control group. During 
the 6th week of age the weight gain increased significantly (P<0.05) for 
chicks fed on diets supplemented with AA or the combination compared 
to that of the other groups (Figure 3).  
3.4 Feed intake: 
 During the 3rd week of age a significant (P<0.05) increase in feed 
intake was observed in the supplemented groups compared to that of the 
control group. During the 6th week of age the feed intake was 
significantly (P<0.05) higher in chicks fed on diet supplemented with 
AA (Table 7). 
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 Fig. 2: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly body weight (g) in broiler chicks raised under summer 
conditions (mean±SD). 
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  Fig. 3: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on weekly 
body weight gain (g) in broiler chicks raised under summer conditions 
(mean±SD). 
 
 
* P < 0.05 
* *
*
 lxxiv
Table 7: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly feed intake (g) in broiler chicks raised under summer 
conditions (mean±SD). 
 
a,b,c:Mean values within the same row with different superscript are significantly 
different at P<0.05. 
 
SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
         A                      B                       C                    D                      Group 
Age                         
 
1stwk                     100.03±7.23a     104.98±4.76a      104.58±5.25a     101.23±8.39a    
 
2ndwk                   212.48±11.13a   187.38±23.01a    219.93±11.52a  205.63±9.87a     
 
3rdwk                   304.50±35.14b  380.75±18.47a   351.25±17.21a  348.25±30.72a   
  
4thwk                  487.00±85.65a    497.50±43.22a  517.50±17.85a    471.50±47.18a   
 
5thwk                  701.45±32.06a   724.35±22.20a   709.00±15.26a    711.70±35.89a   
 
6thwk                  719.00±88.38b   726.50±15.56b   787.00±57.00a   721.00±41.63b    
        
7thwk                   624.69±63.26a   668.44±22.79a   648.33±19.96a  607.78±30.71a   
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3.5 Feed conversion ratio (FCR): 
 The best efficiency of FCR was observed during the 2nd week 
(P<0.05) among the chicks fed on diet supplemented with CrCl3, and 
during the 4th (P<0.05) and 6th weeks (P<0.01) among all supplemented 
groups (Table 8). 
3.6 Carcass weight and dressing percentage:  
 The mean values of eviscerated carcass weight were significantly 
(P<0.05) increased in all treated chicks compared to that of the control 
group. The mean values of dressing percentage were also significantly 
(P<0.05) increased in chicks fed on supplemented diets compared to that 
of the control group (Figure 4 and 5). 
3.7 Liver and heart relative weights: 
 The supplemental diets did not induce significant differences in 
liver relative weight, however, heart relative weight was significantly (P 
< 0.01) decreased (Figure 6). 
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Table 8: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly feed conversion ratio, FCR (g feed/g gain) in broiler chicks 
raised under summer conditions (mean±SD). 
 
a,b,c:Mean values within the same row with different superscript are significantly 
different at P<0.05. 
 
SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
         A                     B                     C                   D                    Group 
Age             
 
1stwk              1.34±0.13a         1.33±0.09a        1.32±0.20a         1.28±0.06a         
 
2ndwk            1.76±0.20a         1.40±0.39b        1.57±0.07ab      1.55±0.06ab          
 
3rdwk               1.49±0.21a         1.41±0.04a      1.39±0.03a         1.33±0.12a         
 
4thwk                1.75±0.26a         1.40±0.30b       1.40±0.07b         1.35±0.11b             
 
5thwk           1.82±0.22a         1.74±0.11a           1.71±0.10a       1.75±0.16a          
 
6thwk             3.08±0.54a       2.40±0.28b        2.29±0.26b        2.20±0.19b              
        
7thwk              2.49±0.58a      2.76±0.33a       3.03±0.19a     2.58±0.32a          
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 Fig. 4: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
carcass weight in broiler chicks raised under summer conditions 
(mean±SD). 
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Fig. 5: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
dressing percentage in broiler chicks raised under summer conditions 
(mean±SD). 
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 Fig. 6: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
liver (a) and heart (b) relative weights in broiler chicks raised under 
summer conditions (mean±SD). 
 
                       * P < 0.05 
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3.8 Blood analysis 
3.8.1 Blood composition 
3.8.1.1 Packed cell volume (PCV) 
 Neither the supplementation of ascorbic acid nor of chromium 
chloride or their combination exerted significant effect on PCV (Table 
9). 
3.8.1.2 Heterophil/Lymphocyte ratio 
 Chicks fed on diets supplemented with CrCl3, AA or their 
combination showed a significant (P<0.001) lower 
heterophils/lymphocytes ratio during the 4th and 7th weeks of age 
compared to that of the control group (Figure 7).  
3.8.1.3 Blood haemogloubin concentration  
 The significant (P<0.05) effects on blood haemoglobin 
concentrations were obtained from chicks fed on diets supplemented 
with CrCl3, AA or their combination during the last three experimental 
weeks. During the 2nd week, Hb concentration was significantly (P<0.01) 
increased in chicks fed on diet supplemented with the combination, 
while Hb concentration was significantly (P<0.05) increased during the 
4th week in chicks fed on diet supplemented with AA (Table 10). 
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Table 9: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly packed cell volume, PCV (%) in broiler chicks raised under 
summer conditions (mean±SD). 
 
a,b,c:Mean values within the same row with different superscript are significantly 
different at P<0.05. 
 
SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
          A                      B                       C                     D                   Group
Age             
 
1stwk            21.08±1.55a         20.33±1.20a      21.34±0.99a       21.33±1.28a          
 
2ndwk           20.75±0.86a         21.17±0.90a         21.58±1.36a        21.08±1.11a         
 
3rdwk           20.67±1.94a       21.25±2.46a      21.08±2.10a        21.75±1.55a        
  
4thwk           22.58±1.97a       22.42±1.70a      23.25±1.73a        22.92±1.32a            
 
5thwk           21.83±1.86a        22.67±1.31a        23.50±2.14a        23.33±1.92a         
  
6thwk          22.33±1.74a      22.42±1.55a        22.58±1.60a        22.92±2.09a             
 
7thwk          21.00±1.08a      21.25±1.53a       21.33±1.24a     21.75±1.29a              
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     Fig. 7: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly heterophil/lymphocyte (H/L) ratio in broiler chicks raised 
under summer conditions (mean±SD). 
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 Table 10: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
haemoglobin (Hb) concentration (g/dl) in broiler chicks raised 
under summer conditions (mean±SD). 
 
 
a,b,c:M
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with 
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are 
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cantly 
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nt at 
P<0.05. 
 
SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
          A                     B                    C                     D                      Group 
Age             
 
1stwk             6.54±0.76a         6.50±0.50a          6.67±0.67a         6.71±0.64a                
 
2ndwk            6.97±0.59b        7.36±0.53ab          7.09±0.78b         7.86±0.57a               
 
3rdwk             6.95±0.57c        7.44±0.35bc        7.71±0.33b         8.05±0.75a           
   
4thwk            8.04±0.75b         8.24±0.72ab         9.03±1.00a          8.81±0.81ab             
 
5thwk            8.16±0.85c         9.28±0.84b           9.41±1.22ab       10.15±0.45a          
 
6thwk                9.15±0.44b       9.98±0.51a          10.11±0.65a       10.15±0.86a             
                
7thwk           8.29±0.86b       9.15±0.74a             9.20±0.74a          9.15±1.00a              
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3.8.2 Plasma and serum metabolites          
3.8.2.1 Plasma glucose: 
 Plasma glucose level was significantly (P<0.05) decreased in all 
supplemented groups starting from the 2nd week and throughout the 
experimental period. During the 1st week, plasma glucose level was 
significantly (P<0.05) decreased in groups fed on diets supplemented 
with CrCl3 or the combination of CrCl3 and AA (Table 11).  
3.8.2.2 Serum cholesterol: 
 Serum cholesterol level was significantly (P<0.01) decreased in all 
treated groups during the 3rd and 5th weeks of age compared to that of the 
control group. During the 2nd and 4th weeks of age; serum cholesterol 
level was significantly (P<0.05) decreased in chicks fed on diets 
supplemented with CrCl3 or the combination of CrCl3 and AA (Table12). 
3.8.2.3 Serum total protein: 
 The level of serum total protein was significantly (P<0.05) 
increased during the 2nd, 3rd and 4th weeks of age in group fed on diet 
supplemented with AA. During the 6th and 7th weeks of age, the level of 
serum total protein was significantly (P<0.05) increased in all 
supplemented groups (Table 13). 
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Table 11: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on weekly plasma 
glucose concentration (mg/dl) in broiler chicks raised under summer conditions 
(mean±SD). 
 
a,b,c:Mean values within the same row with different superscript are significantly 
different at P<0.05. 
 
SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
            A                     B                        C                        D                   Group 
Age          
 
1stwk          156.83±7.94a       140.08±14.09b     144.42±9.92ab    139.83±9.05b          
 
2ndwk         176.08±19.89a    147.58±11.36b      153.17±14.21b     151.08±10.92b      
 
3rdwk         197.35±22.44a    165.15±10.68b    175.76±19.66b     168.56±11.02b     
 
4thwk         181.59±14.48a    139.24±15.25c    157.29±14.75b     143.06±16.07c      
 
5thwk         202.89±24.35a    172.10±6.26b       179.71±16.68b      171.38±8.02b        
 
6thwk         219.79±13.72a    189.58±13.01bc   202.08±13.33b     188.19±18.22c       
                 
7thwk         236.80±27.94a   200.35±7.30b      208.68±14.57b    201.39±9.21b      
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Table 12: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly serum cholesterol concentration (mg/dl) in broiler chicks 
raised under summer conditions (mean±SD). 
 
a,b,c:Mean values within the same row with different superscript are significantly 
different at P<0.05. 
 
SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
 
 
 
 
 
 
 
 
 
       A                      B                          C                        D 
    
Group 
Age              
 
1stwk         154.83±14.56a       142.66±11.59a     148.00±14.17a       142.58±15.00a    
 
2ndwk        134.25±13.40a       118.51±14.42b     123.14±13.40ab     118.52±14.28b    
 
3rdwk           136.36±14.92a       118.19±8.66b     124.24±11.21b       118.18±6.52b     
  
4thwk        143.18±22.30a       127.27±27.01b    134.09±29.01ab     115.91±21.68b     
  
5thwk        170.45±37.13a      135.60±23.60b      139.39±13.03b      137.88±33.16b     
 
6thwk       131.06±41.40a      110.48±37.87a      118.94±32.87a      112.12±36.98a     
 
7thwk       125.73±41.21a     100.00±20.99a    101.52±30.11a     108.33±16.36a    
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3.8.2.4 Serum albumin: 
 The result indicates that serum albumin level was significantly 
(P<0.05) increased in all supplemented groups during the last three 
weeks of age compared to that of the control group. Furthermore, the 
level of serum albumin was significantly (P<0.05) increased in chicks 
fed on diet supplemented with AA during the 3rd week of age (Table 14). 
3.8.2.5 Serum osmolality: 
 Feeding broiler chicks on diets supplemented with CrCl3, AA or 
their combination resulted in a significant (P<0.01) decrease in serum 
osmolality during the 4th week of age compared to that of the control 
group. During the 5th, 6th, and 7th weeks of age, the serum osmolality was 
significantly (P<0.05) decreased in chicks fed on diet supplemented with 
CrCl3. During the 7th week, the serum osmolality significantly (P<0.05) 
decreased in chicks fed on diet supplemented with the combination of 
CrCl3 and AA (Table 15). 
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  Table 13: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly serum total protein concentration (gm/dl) in broiler chicks 
raised under summer conditions (mean±SD).  
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SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
          A                      B                        C                     D                    Group 
Age             
 
1stwk              4.08±0.40a            4.15±0.28a            4.22±0.26a           4.05±0.18a            
 
2ndwk             3.64±0.51b         3.72±0.64ab         4.11±0.27a          3.64±0.42b                
  
3rdwk             3.45±0.37b          3.58±0.53ab       4.18±0.37a           3.68±0.60ab          
 
4thwk              3.13±0.58b          3.19±0.73b        3.60±0.52a          3.14±0.39b                 
 
5thwk             4.02±0.29a         4.43±0.61a          4.57±0.30a            4.53±0.33a            
 
6thwk              3.94±0.32b        4.45±0.58a           4.74±0.53a             4.34±0.66a             
              
7thwk            4.45±0.30b       4.94±0.51a        4.97±0.49a         4.93±0.38a              
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Table 14: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly serum albumin concentration (gm/dl) in broiler chicks 
raised under summer conditions (mean±SD). 
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SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
           A                   B                      C                     D                         Group 
Age             
 
1stwk              1.62±0.44a        1.65±0.46a         1.63±0.59a         1.67±0.49a                   
 
2ndwk             1.59±0.44a         1.66±0.57a           1.84±0.48a         1.74±0.56a                  
 
3rdwk                 1.65±0.35b        1.67±0.28b       1.89±0.31a         1.64±0.38b             
 
4thwk                   1.47±0.40a         1.53±0.47a       1.73±0.41a          1.51±0.36a                   
 
5thwk             1.56±0.34b         1.98±0.45a           2.12±0.34a          1.93±0.45a              
 
6thwk               2.05±0.35b      2.42±0.49a          2.41±0.49a          2.44±0.37a                   
 
7thwk             1.77±0.17b     2.02±0.21a        2.00±0.28a       2.07±0.24a             
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Table 15: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly serum osmolality (mosmol/kg) in broiler chicks raised under 
summer conditions (mean±SD). 
 
a,b,c:Mean values within the same row with different superscript are significantly 
different at P<0.05. 
 
SD: standard deviation. 
 
A: control group. 
B: Chromium chloride (CrCl3) supplementation. 
C: Ascorbic acid (AA) supplementation. 
D: combination (CrCl3 + AA). 
          A                    B                          C                      D                 Group           
Age                      
 
1stwk                   339.08±34.20a      337.91±3.17a    338.25±9.39a      338.58±5.13a    
 
2ndwk                 282.50±17.04a       273.00±8.49a     279.66±22.28a     275.83±7.92a    
 
3rdwk                 277.00±12.59a       270.25±9.37a   271.83±10.09a    274.75±12.08a  
  
4thwk                 318.83±25.32a     292.91±8.20b    295.00±20.90b     300.58±9.96b     
   
5thwk                 301.00±18.45ab    279.92±20.29b  300.83±27.37ab 314.25±26.90a   
 
6thwk                311.75±24.02a    284.50±22.89b   311.17±23.74a   292.83±24.85ab    
 
7thwk                351.25±64.35a   299.17±51.27b  337.67±63.24ab  292.83±30.92b   
                
 xci
3.8.2.6 Newcastle disease virus (NDV) antibody titer 
 The mean values of NDV antibody titre in chicks fed on 
supplemental diets were significantly (P<0.05) higher during the 3rd and 
5th weeks of age compared to that of the control group. In chicks fed on 
diets supplemented with CrCl3 or the combination of CrCl3 and AA, the 
NDV antibody titre was significantly higher during the 4th (P<0.01) and 
7th (P<0.05) weeks of age (Figure 8). 
3.8.7 Serum insulin and cortisol  
 The serum insulin level was significantly increased during the 4th 
(P<0.001) and 7th (P<0.01) weeks of age in chicks fed on supplemental 
diets compared to that of the control group. During the first week, serum 
insulin level was significantly (P<0.05) increased in chicks fed on diets 
supplemented with CrCl3 or the combination of CrCl3 and AA (Figure 9). 
 Serum cortisol level of the treated chicks was significantly 
(P<0.001) reduced during the 4th week of age compared to that of the 
control group, and during the 7th (P<0.05) week of age only in chicks fed 
on diet supplemented with CrCl3 (Figure 10) 
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  Fig. 8: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly serum NDV antibody titre in broiler chicks raised under 
summer conditions (mean±SD). 
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  Fig. 9: Effect of dietary supplementation with chromium chloride, CrCl3 (20 
mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination on 
weekly serum insulin level in broiler chicks raised under summer 
conditions (mean±SD). 
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  Fig. 10: Effect of dietary supplementation with chromium chloride, CrCl3 
(20 mg/kg), Ascorbic acid, AA (1000 mg/kg) or their combination 
on weekly serum cortisol level in broiler chicks raised under 
summer conditions (mean±SD). 
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Summary 
1- Rectal temperature was significantly reduced by dietary 
supplementation with AA or the combination of CrCl3 and AA 
during the 5th week. 
2- Respiratory rate was significantly decreased by the supplemental 
diets during the first three weeks as well as the 5th weeks. 
3- Dietary supplementation with CrCl3, AA or their combination 
significantly improved the body weight starting from the 3rd 
week of age and throughout the experimental period.  
4- Chicks fed on diets supplements with CrCl3, AA or their 
combination had higher body weight gain. 
5- Feed intake was significantly increased due to supplemental diets 
during the 3rd and 4th weeks of age. 
6- Dietary supplementation with CrCl3, AA or their combination 
significantly improved feed conversion ratio (FCR) during the 
2nd, 4th and 6th weeks of age. 
7- The eviscerated carcass weight and dressing percentage of chicks 
fed on diets supplemented with CrCl3, AA or their combination 
were significantly increased. 
8- Dietary supplementation with CrCl3 or AA induced significant 
reduction in heart relative weight. 
9- The supplemental diets resulted in a higher blood haemoglobin 
concentration and a lower heterophil/lymphocyte ratio. 
10- Plasma glucose level was significantly decreased, while serum 
insulin level was significantly increased due to supplemental 
diets.  
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11- Serum cholesterol level was significantly decreased due to 
supplemental diets. 
12- Dietary supplementation with CrCl3, AA or their combination 
elevated serum total protein and albumin concentrations. 
13- Dietary supplementation with CrCl3, AA or their combination 
significantly decreased serum osmolality during the last four 
weeks. 
14- Dietary supplementation with CrCl3, AA or their combination 
significantly increased the antibody titre. 
15- Chicks fed on diets supplements with CrCl3, AA or their 
combination had significantly lower serum cortisol level. 
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CHAPTER FOUR 
DISCUSSION AND CONCULUSION 
 
4.1 Discussion 
 This investigation describes primarily the effects of dietary 
inclusion of chromium chloride (CrCl3), ascorbic acid (AA) or their 
combination on the physiological performance and immune function of 
broiler chicks raised under summer conditions.  
 In the present study, rectal temperature was reduced in birds fed 
AA or the combination of CrCl3 and AA at 5th week of age. The 
observed decrease in body temperature could be attributed to ascorbic 
acid effects, which is known to decrease the heat load by lowering heat 
production or to increase the heat loss by influencing avenues of thermal 
exchange between the body and the environment (Change et al., 1993). 
This finding supports the previous reports, where, Strydom et al. (1976) 
and Kotze et al. (1977) have reported a decreased rectal temperature in 
male humans exposed to 33.9 °C for 4 h/d for 10 consecutive days after 
an oral dose of 250 and 500 mg of AA. Moreover, broilers fed on diets 
supplemented with AA were reported to be less stressed due to the 
reduced body temperature (Thaxton and pardue, 1984; Pardue and 
Thaxton, 1986; Kassim and Norziha, 1995).  
 The present study indicates that respiratory rate was decreased by 
supplementation diets. The increase of respiratory rate during exposure 
to heat stress is the mechanism that enables birds to dissipate the excess 
body heat by evaporative cooling at the surface of the mouth and 
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respiratory passage ways (Al-Fataftah and Abu-Dieyeh, 2007). 
Therefore, the observed decrease of respiratory rate in this study could 
be attributed to the influence of the supplemented diets on body 
temperature. Similar results were reported by Thaxton and Pardue 
(1984); Pardue and Thaxton (1986); Kassim and Norziha (1995), who 
reported a decrease of respiratory rate in broiler fed on diet supplemented 
with ascorbic acid.      
 In the current study, dietary supplementation with chromium 
chloride, ascorbic acid or their combination improved body weight, body 
weight gain, feed intake and feed conversion ratio. This could be 
attributed to the fact that chromium is involved in protein metabolism 
(Anderson, 1987). Furthermore, chromium is thought to have a role in 
nucleic acid metabolism and stimulation of amino acid incorporation into 
liver protein (Weser and Koolman, 1969).  
 The improved body weight, body weight gain, feed intake and 
feed conversion ratio could also be due to the fact that ascorbic acid 
reduces the synthesis of corticosterone (Kutlu and Forbes, 1993) thus,  
alleviating the negative effects of stress related depression (McDowell, 
1989). The obtained results confirm the previous reports (Kassim and 
Norziha, 1995; Lien et al., 1999; Chen et al., 2001; Uyanik et al., 2002 
and Sahin et al., 2003b). However, Sands and Smith (1999) showed that 
the supplementation of chromium picolinate increases the growth rate 
without affecting the feed intake in broilers raised under environmental 
stress.  
 Biosynthesis of ascorbic acid is limited in very young birds 
(Horning and Frigg, 1979), and several stressors could alter the 
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biosynthesis, or use of AA (Pardue and Thaxton, 1986). The clear 
improvement of chicks performance in this study supports the findings of 
the above-mentioned researchers. 
 The results obtained in this study revealed that the carcass weight 
and dressing percentage were significantly higher in chicks fed on diets 
supplemented with CrCl3, AA or their combination as compared to the 
control. The mode of action of CrCl3 and AA in this specific application 
could be explained via the modulation of the release of corticosteroid 
hormones and the alleviation of the disturbance in the electrolyte 
balance, thus reducing catabolism of body reserves and preventing a 
strong dehydration in the bird (Cafantaris, 1995). It has been 
demonstrated that supplementation of broilers with AA at 1,000 mg/kg 
in drinking water prior to collecting for slaughter improved hot and 
chilled carcass yields and reduces mortality (Quarles and Adrian, 1988; 
Volker and Fenster, 1991). 
 In the current study, the heart relative weight was reduced in 
supplemented birds. Heat stress is known to causes changes in 
cardiovascular system. These, changes include the increase in blood 
volume and haematocrit/hemoglobin concentration and are often 
accompanied by compensatory changes in heart weight (Deaton et al., 
1969a,b; May et al., 1971; May and Deaton, 1974; Carey and Morton, 
1976; Palomeque and Planas, 1978). The decrease in heart relative 
weight obtained in the present study could be attributed to the influence 
of the supplemented diets on these changes. 
 The significant increase in blood haemoglobin in the treated birds 
could be due to the positive effect of the CrCl3 and AA on iron 
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absorption which is an important integral of heamoglobin (Hungerford et 
al., 1983). The relatively steady level of the PCV might indicate that 
there is no change in extracellular water with ascorbic acid 
supplementation.      
 In the present study serum insulin level was increased, whereas 
serum cortisol, glucose and cholesterol levels were decreased in chicks 
fed on diets supplemented with Chromium cloride, ascorbic acid or their 
combination. This is a typical metabolic relationship between the 
anabolic effect of insulin and the catabolic effect of corticosterone (Sahin 
et al., 2002e). Chromium is generally accepted as the active component 
in the glucose tolerance factor (GTF), which increases the sensitivity of 
tissue receptors to insulin, resulting in increased glucose uptake by cells 
(Schwarz and Mertz, 1959 and Mertz, 1967; 1969) and glucose 
utilization for lipogenesis (Anderson et al., 1991). In addition, increasing 
dietary chromium level linearly increased the insulin serum 
concentration, indicating chromium’s physiologic role to act as an 
insulin potentiator (Sahin et al., 2002e). The results of the present study 
are similar to those reported by Sahin et al., (2001a) in laying hens, 
Change and Mowat (1992) in stressed calves and Sahin et al. (2001b) in 
Japanese quail.  
 In the current study dietary AA supplementation also decreased 
serum levels of glucose, cholesterol and cortisol. The decrease in the 
serum levels of glucose could be attributed to the decrease in serum 
ACTH (cortisol). Zuprizal et al. (1993) and Sahin et al. (2002d) showed 
that AA supplementation decreases blood ACTH, glucose and 
cholesterol concentration in heat-stressed (34oC) Japanese quails. 
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Similarly, McDowell (1989) and Kutlu and Forbes (1993) reported that 
AA supplementation markedly decreases blood glucose and cholesterol 
concentrations in heat-stressed (36oC) broilers. A likely mechanism by 
which vitamin C causes a reduction in corticosterone concentration is the 
inhibitory effect of ascorbic acid on glucocorticoid secretion and/or 
synthesis (McDowell, 1989; Orban et al., 1993).  
 The decrease in serum cholesterol level observed in the present 
study could be due to the decrease in the corticosterone level. Several 
metabolic pathways are involved in the reduction of lipid mobilization 
and catabolism. Firstly, AA supplementation reduces corticosterone 
secretion with the subsequent inhibition of the lipoprotein and tissue 
lipases. This results in inhibition of lipids and cholesterol mobilization 
from the tissues (Naidu, 2003). Secondly, AA is necessary for the 
transformation of cholesterol to bile acids by controlling the microsomal 
7-α-hydroxylation. As this reaction is the rate-limiting step of the 
cholesterol catabolism in liver, ascorbic acid deficiency induces a 
marked slowing down of this reaction, leading to cholesterol 
accumulation in liver and blood (Naidu, 2003). By contrast, AA 
supplementation will accelerate the conversion of cholesterol into bile 
acids, decreasing cholesterol concentrations in liver and serum. Because 
cholesterol is transported in blood by lipoprotein complexes (VLDL, 
LDL and HDL), cholesterol and lipoprotein concentrations are positively 
correlated (Linne and Ringsrud, 1999). This result is in agreement with 
the previous report of Sahin et al. (2003a). 
 In the current study serum total protein and albumin levels were 
increased in chicks fed on diet supplemented with CrCl3. This could be 
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due to the observed increase in serum insulin concentration, which 
regulates the metabolism of protein by stimulating amino acid uptake 
and protein synthesis (Colgan, 1993). 
 In the present study, serum total protein and albumin 
concentrations increased in birds fed on diet supplemented with AA. 
This could be due to the observed decrease in corticosterone level and 
the subsequent decrease in protein-derived gluconeogenesis (Orban et 
al., 1993), which could limit lipid and protein catabolism (Kucuk et al., 
2003). These results are in agreement with the previous reports in 
Japanese quails (Zuprizal et al., 1993 and Sahin et al., 2002d) and 
broilers (Kutlu and Forbes, 1993 and McDowell, 1989).  
 Environmental stress increases the release of corticosterone, stored 
in the adrenal cortex, into the blood stream (Richard, 1998). This causes 
depression of the immune function of birds by impeding production of 
antibodies and effective cell-mediated immunity (Zulkifli et al., 1994). 
The phagocytic potential of chicken macrophages was reported to 
decrease during heat exposure (Miller and Qureshi, 1992). In this study 
dietary supplementation with chromium chloride, ascorbic acid or their 
combination decreased the serum corticosterone (cortisol) level and 
consequently improved the immune function. These results supports the 
previous reports (Cerulli et al., 1998; Uyanik et al., 2002; Sahin et al., 
2002b; Sahin et al., 2003b; Gursu et al., 2004). Besides, the observed 
decrease in serum corticosterone level in broiler chicks, dietary 
supplementation with AA also improved the NDV-HI antibody titre. 
Similarly, Lin et al. (2003) and Aengwanich et al. (2003) reported that 
AA supplementation increases NDV antibody. 
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 The effect of diets supplementation on reducing 
heterophil/lymphocyte ratio was observed in all treated chicks compared 
to the control. Heat stress is known to increase the corticosterone level, 
and inturn to decrease the lymphocytes count (Gross and Sigeel, 1983; 
McFarlane and Curtis, 1989). Therefore, the increase in lymphocytes 
ratio obtained in this study could be attributed to the influence of the 
CrCl3, AA or their combination on the corticosterone level. 
 The obtained results concerning the effect of CrCl3, AA or their 
combination on serum osmolality showed a significant reduction. This 
could be attributed to the increase in the serum total protein 
concentration. Since, Yahav et al. (1997) reported a negative correlation 
between plasma osmolality and plasma total protein concentration. 
Moreover, glucocorticoids are known to inhibit the antidiuretic hormone, 
ADH (Bähr et al., 2006). Since AA or CrCl3 supplementation in this 
study reduced the serum cortisol level, this could result in stimulation of 
ADH release and water retention, and therefore, could explain the 
observed decrease in serum osmslality.  
 The results of the current study revealed additive effects of and 
chromium (Cr) and ascorbic acid (AA), indicating that chromium and 
ascorbic acid act synergistically. Sahin et al. (2002b) reported that the 
combination of chromium and ascorbic acid causes more significant 
changes than either chromium or ascorbic acid alone and speculated 
about the synergistic action of chromium and ascorbic acid. Carol et al. 
(1994) showed an interaction between Cr and AA in bone and brain 
manganese (Mn) retention and distribution in guinea-pigs, and postulated 
that dietary Cr may influence ascorbic acid metabolism via protecting 
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ascorbate from oxidative destruction. In addition, insulin is known to 
play a role in ascorbic acid transportation in red blood cells, and glucose 
competitively inhibits ascorbic acid transport (Mann and Newton, 1975). 
Therefore, Cr could indirectly promote the ascorbic acid transportation 
through increasing the effectiveness of insulin (Seaborn et al., 1994). 
Moreover, ascorbic acid is known to enhance intestinal absorption of 
chromium (Seaborn and Stoecker, 1992; Offenbacher, 1974). 
4.2 Conclusion: 
1- Dietary supplementation with chromium chloride, ascorbic acid or 
their combination improved the performance of broiler chicks under 
summer conditions. 
2- Dietary supplementation with chromium chloride, ascorbic acid or 
their combination elevated the serum insulin level and reduced the serum 
cortisol level and inturn decreased the serum glucose and cholesterol 
concentration and increased the serum total protein and albumin 
concentration. 
3- Dietary supplementation with chromium chloride, ascorbic acid or 
their combination improved the feed intake, body weight gain, feed 
conversion ratio and the dressing percentage in the broiler chicks raised 
under summer conditions. 
4- Dietary supplementation with chromium chloride or ascorbic acid 
improved the immune function of the broiler chicks raised under summer 
conditions by elevating the antibody titre and reducing the 
heterophil/lymphocyte ratio. 
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5- The study further indicated that dietary Cr and AA supplementation 
have an overriding effect in alleviating naturally induced thermal stress 
and enhancing their utilization efficiency in the broiler chicks. 
6- The study indicate that Dietary supplementation with CrCl3, AA or 
their combination could be of crucial value in alleviating the negative 
effects of heat stress and in improving the performance and immune 
function of broiler chicks raised under summer conditions. 
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( 10.0 < P)أﻳﻀًﺎ ﺗﻤѧﺖ ﻣﻼﺣﻈѧﺔ إﻧﺨﻔѧﺎض ﻣﻌﻨѧﻮى . إﺿﺎﻓﺔ ﺣﻤﺾ اﻷﺳﻜﻮرﺑﻴﻚ أواﻟﺨﻠﻴﻂ ﻟﻠﻌﻠﻴﻘﻪ
ﻓﻰ ﻣﻌﺪل اﻟﺘﻨﻔﺲ ﺧﻼل اﻹﺳﺒﻮع اﻷول، اﻟﺜﺎﻧﻰ، اﻟﺜﺎﻟﺚ واﻟﺨﺎﻣﺲ ﻣﻦ ﻋﻤﺮ اﻟﻜﺘﺎآﻴѧﺖ اﻟﺘѧﻰ أﻋﻄﻴѧﺖ 
  .اﻟﻌﻼﺋﻖ اﻟﻤﻀﺎﻓﻪ ﻣﻘﺎرﻧﺔ ﻣﻊ ﻣﺠﻤﻮﻋﺔ اﻟﺘﺤﻜﻢ
ﻧﺘﺞ ﻋﻦ آѧﻞ اﻟﻌﻼﺋѧﻖ اﻟﻤѧﻀﺎﻓﺔ اﻷﺧѧﺮى زﻳѧﺎدﻩ ذات دﻻﻟѧﺔ ﻣﻌﻨﻮﻳѧﺔ ﻓѧﻰ وزن اﻟﺠѧﺴﻢ ﺧѧﻼل   
( 50.0 < P)وزن اﻟﺠѧﺴﻢ اﻟﻤﻜﺘѧﺴﺐ أﻇﻬѧﺮ زﻳѧﺎدة ذات دﻻﻟѧﺔ ﻣﻌﻨﻮﻳѧﺔ . اﻷﺳѧﺎﺑﻴﻊ اﻟﺜﻼﺛѧﺔ اﻷﺧﻴѧﺮﻩ
  .ﺧﻼل اﻹﺳﺒﻮع اﻟﺜﺎﻟﺚ واﻟﺮاﺑﻊ ﻓﻰ آﻞ اﻟﻤﺠﻤﻮﻋﺎت اﻟﻤﻌﺎﻟﺠﻪ
 < P)ﺳﺔ أﻇﻬﺮت زﻳﺎدة ذات دﻻﻟﺔ ﻣﻌﻨﻮﻳﺔ آﻞ اﻟﻌﻼﺋﻖ اﻟﻤﻀﺎﻓﺔ اﻟﻤﺴﺘﺨﺪﻣﺔ ﻓﻰ هﺬﻩ اﻟﺪرا  
 < P)إﺗﻀﺢ ﻣﻦ اﻟﺘﺠﺎرب أن هﻨﺎﻟﻚ ﺗﺄﺛﻴﺮ إﻳﺠѧﺎﺑﻰ . ﻓﻰ ﺗﻨﺎول اﻟﻐﺬاء ﺧﻼل اﻹﺳﺒﻮع اﻟﺜﺎﻟﺚ( 50.0
( 50.0 < P)ﻋﻠﻰ ﻣﻌﺪل اﻟﺘﺤﻮل اﻟﻐﺬاﺋﻰ ﺧѧﻼل اﻹﺳѧﺒﻮع اﻟﺮاﺑѧﻊ  واﻟѧﺴﺎدس                  ( 50.0
  .ﻟﻜﻞ اﻟﻜﺘﺎآﻴﺖ اﻟﺘﻰ أﻋﻄﻴﺖ ﻋﻼﺋﻖ ﻣﻀﺎﻓﺔ
ﺋﻖ اﻟﻤﻀﺎﻓﺔ ﻟﻢ ﺗﻈﻬﺮ أى ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﺔ ﻋﻠﻰ وزن اﻟﻜﺒﺪ اﻟﻨﺴﺒﻰ ﺑﻴﻨﻤѧﺎ أدت إﻟѧﻰ آﻞ اﻟﻌﻼ   
ﻣﻌﺎﻟﺠѧﺎت  اﻟﻌﻠﻴﻘѧﻪ أدت إﻟѧﻰ زﻳѧﺎدة ذات . ﻓѧﻰ وزن اﻟﻘﻠѧﺐ اﻟﻨѧﺴﺒﻰ ( 100.0 < P)ﻧﻘѧﺼﺎن ﻣﻌﻨѧﻮى 
  .ﻓﻰ وزن اﻟﺬﺑﻴﺢ وﻧﺴﺒﺔ اﻟﺘﺼﺎﻓﻰ( 50.0 < P)دﻻﻟﺔ ﻣﻌﻨﻮﻳﺔ 
 اﻟﻬﻴﻤﻮﻏﻠѧﻮﺑﻴﻦ ﺧѧﻼل اﻷﺳѧﺎﺑﻴﻊ اﻟﺜﻼﺛѧﺔ آѧﻞ اﻟﻜﺘﺎآﻴѧﺖ اﻟﻤﻌﺎﻟﺠѧﺔ أﻇﻬѧﺮت أﻋﻠѧﻰ ﻗѧﻴﻢ ﻟﺘﺮآﻴѧﺰ
إﻟѧﻰ  ﻓѧﻰ ﻧѧﺴﺒﺔ اﻟﻌѧﺪﻻت( 100.0<P)أﻇﻬѧﺮت اﻹﺿѧﺎﻓﺎت إﻧﺨﻔѧﺎض ذات دﻻﻟѧﺔ ﻣﻌﻨﻮﻳѧﺔ . اﻷﺧﻴѧﺮة
  .اﻟﻠﻴﻤﻔﺎوﻳﺎت ﺧﻼل اﻹﺳﺒﻮع اﻟﺮاﺑﻊ واﻟﺴﺎﺑﻊ
إﺗѧѧﻀﺢ ﻣѧѧﻦ ﺧѧѧﻼل اﻟﺪراﺳѧѧﺔ أن آѧѧﻞ اﻟﻜﺘﺎآﻴѧѧﺖ اﻟﻤﻌﺎﻟﺠѧѧﺔ أﻇﻬѧѧﺮت ﻣѧѧﺴﺘﻮى أﻗѧѧﻞ ﻟﻐﻠﻮآѧѧﻮز   
  .ﻢاﻟﺒﻼزﻣﺎ ﻣﻘﺎرﻧﺔ ﻣﻊ ﻣﺠﻤﻮﻋﺔ اﻟﺘﺤﻜ
ivlxc 
 P)زﻳѧﺎدة ﻣﻌﻨﻮﻳѧﺔ      ( ﺣﻤﺾ اﻷﺳѧﻜﻮرﺑﻴﻚ + اﻟﻜﺮوم )ﻧﺘﺞ ﻋﻦ إﺿﺎﻓﺔ اﻟﻜﺮوم أواﻟﺨﻠﻴﻂ   
ﻓﻰ ﻣﺴﺘﻮى اﻟﺒѧﺮوﺗﻴﻦ اﻟﻜﻠѧﻰ ﻟﻠﻤѧﺼﻞ ﺧѧﻼل اﻹﺳѧﺒﻮﻋﻴﻦ اﻷﺧﻴѧﺮﻳﻦ ﻣﻘﺎرﻧѧﺔ ﻣѧﻊ ﻣﺠﻤﻮﻋѧﺔ ( 10.0 <
 < P)ﺧѧﻼل اﻷﺳѧﺎﺑﻴﻊ اﻟﺜﻼﺛѧﺔ اﻷﺧﻴѧﺮة أﻇﻬѧﺮ ﻣѧﺴﺘﻮى أﻟﺒﻴѧﻮﻣﻴﻦ اﻟﻤѧﺼﻞ زﻳѧﺎدة ﻣﻌﻨﻮﻳѧﺔ . اﻟѧﺘﺤﻜﻢ
  .ﺘﺎآﻴﺖ اﻟﻤﻌﺎﻟﺠﺔﻓﻰ آﻞ اﻟﻜ( 50.0
( ﺣﻤѧﺾ اﻷﺳѧﻜﻮرﺑﻴﻚ + اﻟﻜѧﺮوم )ﻧﺘﺞ ﻋﻦ إﺿﺎﻓﺔ اﻟﻜﺮوم، ﺣﻤﺾ اﻷﺳѧﻜﻮرﺑﻴﻚ أواﻟﺨﻠѧﻴﻂ   
. ﻓѧﻰ إﻧѧﺴﻮﻟﻴﻦ اﻟﻤѧﺼﻞ ﺧѧﻼل اﻹﺳѧﺒﻮع اﻟﺮاﺑѧﻊ واﻟѧﺴﺎﺑﻊ( 100.0 < P)زﻳѧﺎدة ذات دﻻﻟѧﺔ ﻣﻌﻨﻮﻳѧﺔ 
 P)أﻇﻬﺮ ﻣﺴﺘﻮى آﻮرﺗﻴﺰول اﻟﻤﺼﻞ ﻓﻰ اﻟﻜﺘﺎآﻴﺖ اﻟﻤﻐﺬﻳﺔ ﻋﻠﻰ اﻟﻌﻼﺋﻖ اﻟﻤﻀﺎﻓﺔ ﻧﻘﺼﺎن ﻣﻌﻨﻮى 
  .ﺧﻼل اﻹﺳﺒﻮع اﻟﺮاﺑﻊ واﻟﺴﺎﺑﻊ ﻣﻘﺎرﻧﺔ ﻣﻊ ﻣﺠﻤﻮﻋﺔ اﻟﺘﺤﻜﻢ( 100.0 <
( ﺣﻤѧﺾ اﻷﺳѧﻜﻮرﺑﻴﻚ + اﻟﻜѧﺮوم )ﻧﺘﺞ ﻋﻦ إﺿﺎﻓﺔ اﻟﻜﺮوم، ﺣﻤﺾ اﻷﺳѧﻜﻮرﺑﻴﻚ أواﻟﺨﻠѧﻴﻂ   
  .ﻓﻰ إﺳﻤﻮزﻳﺔ اﻟﻤﺼﻞ ﺧﻼل اﻷﺳﺎﺑﻴﻊ اﻷرﺑﻌﺔ اﻷﺧﻴﺮة( 50.0 < P)إﻧﺨﻔﺎض ﻣﻌﻨﻮي 
ﺎم اﻟﻤѧﻀﺎدة ﻟﻔﻴѧﺮوس اﻷﺟѧﺴ   ﻓﻰ إﺳѧﺘﺠﺎﺑﺔ )50.0< P( ﻣﻌﻨﻮى اﻹﺿﺎﻓﺎت أدت إﻟﻰ ﺗﺤﺴﻴﻦ  
  .ﺧﻼل اﻷﺳﺒﻮع اﻟﺜﺎﻟﺚ واﻟﺨﺎﻣﺲ( VDN)ﻣﺮض اﻟﻨﻴﻮآﺎﺳﻞ 
+ اﻟﻜѧﺮوم )ﺗﺸﻴﺮ اﻟﺪراﺳﺔ اﻟﺤﺎﻟﻴﺔ إﻟѧﻰ أن إﺿѧﺎﻓﺔ اﻟﻜѧﺮوم، ﺣﻤѧﺾ اﻷﺳѧﻜﻮرﺑﻴﻚ أواﻟﺨﻠѧﻴﻂ 
إﻟѧѧﻰ اﻟﻌﻠﻴﻘѧѧﻪ ﻳﻤﻜѧѧﻦ إﺳѧѧﺘﺨﺪاﻣﻪ ﻟﺘﺨﻔﻴѧѧﻒ اﻟﺘѧѧﺄﺛﻴﺮ اﻟѧѧﺴﺎﻟﺐ ﻟﻺﺟﻬѧѧﺎد اﻟﺤѧѧﺮارى ( ﺣﻤѧѧﺾ اﻷﺳѧѧﻜﻮرﺑﻴﻚ 
  .     ﻴﺔ ﻟﻜﺘﺎآﻴﺖ اﻟﺪﺟﺎج اﻟﻼﺣﻢوﻟﺘﺤﺴﻴﻦ اﻟﻜﻔﺎءة واﻹﺳﺘﺠﺎﺑﺔ اﻟﻤﻨﺎﻋ
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